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Abstract
Objective

Quinoa (Chenopodium quinoa) is a halophyte that can survive in saline conditions. In this study,
some physiological and biochemical responses of a commercial and widely used variety of quinoa
to different levels of seawater salinity stress were studied and new information is provided to
reduce the negative effects of salinity stress on growth and functional characteristics and to use
this information in breeding programs of this plant.

Materials and Methods

In order to investigate accumulation of some osmolytes (glycine betaine and proline), the amount
of hydrogen peroxide (H.0.) and malondialdehyde (MDA) and the activity of some antioxidant
enzymes involved in salt stress, Titicaca genotype was cultivated under two salinity levels 6.9

dSm and 13.8 dSm along with the control in four repetitions. The experiment was a factorial
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experiment under a completely randomized design. After applying the salinity treatment, leaf

samples were prepared at intervals of six hours to eight days.

Results

According to the results, hydrogen peroxide accumulation at the 13.8 dSm-1 salinity level is much

higher than the 6.9 dSm-1 salinity level (P <0.001). Following the increase of superoxide and

ROS production, the amount of lipid peroxidation also increased followed by an increase in

malondialdehyde index in both salinity (P <0.001).

Conclusion

The results showed that quinoa can prevent oxidative stress and damage to the plant under salt

stress conditions by increasing the accumulation of osmolytes and the activity of antioxidant

enzymes. Quinoa was able to cope with the stress by activating biochemical and enzymatic

responses, and by establishing cell homeostasis, it can prevent further damage from salinity stress.
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Figure 1. Glycine-betaine content in leaf sample of Quinoa under salinity stress at 6.9 dSm™ and

13.8 dSm™ is. The averages of the columns that have at least one letter in common do not have a
statistically significant difference.
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dSm is. The average of the columns that have at least one letter in common do not have a

statistically significant difference.

WA

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

wamsml,

ef | ©f f
5 | ef il B0 I ] meo9dsm

413.8 dSm-1

(K 035 05 1 JgnsSen) O3sken eS|y

O' S B e S e B —

Ctrl 6hr 12hr 3d 4d 54 6d 7d 8d

Garh U5 st 5 o 0L

AYIAASM™ 9 VA Zohws (5 yg (5 jlowd Co 193 (5 2 diged )3 (g STy (oo Y IS
Figure 3. Hydrogen peroxide content in leaf sample of Quinoa under salinity stress at 6.9 dSm™

and 13.8 dSm™ is. The average of the columns that have at least one letter in common do not
have a statistically significant difference.

(MDA) sl g5y9lle £
@ e ol aw I Culbisind ) onis gludl 0y el GarwlinSly Joame aialleglle
Sy olsisds 3iespglle ol e odlitul LA byl oo Jshe sl (el pe o151 JIS03], alis Sy s
S i S padls Gl BRI (izren 35S (0 )18 odlatnl 3)90 15 Ll 5 Lid Slodo e (o) lp By
(Jaleel et al. 2007; Katsuhara et al. 2005) cusl oL )3 g5l ST 205 589 5 Jlab (3emST glgil g5 i3l 51
S o 3 g agme Sy W0l Wy (i (15 Jlael Gloj GRIBI L (sypd o 93 2 )3 calols s b
b (P US3) 5 osmlio (6)98 clale g loj Jlite 5155 9 (5)90 o 93 (o ()3 sime SHBT Lol b (gl sine 20y
i o] ey b Bl iy gl 13 29290 331 (sla JIS00l, Gl3EI L Ladje lgie |y asdllepiglle liee 331
Nl ool sbul cdoay 4l 15 nl 93 sk (Saiglsnsd Jlasl 5o MBI (el oy 5 s 53 g5lns]
5 i 4 dods el Jolo )3 39390 3151 (sla JSool, (SOTO et al. 2004) 39 o Adg5 Johos (953 1 45 Canl  SumS]
@ Wilgi oo 0ad Mg > Sl JB0al) S oo Mg (uSTigpd g (ST e oSy g o Lid g slasul

AR

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



BN,

(\i’i )1{.3 ) b)w Y b)gb) ‘;hl.:f ‘5;‘)_’4_! 9 ‘&.‘::") Ao

.

s,

Widsy ey dn) amolinsT gla STy

abgy b
de bclglcd cded ‘

3 - 6.9 dSm-1
5 . 413.8 dSm-1

J(JJ U39 (‘;Jedjﬂ}i\i) -*\:-".UT&JO}JLﬂolﬁ_A

0' L e e e B L B E—

Ctrl  6hr 12hr 3d 4d 5d 6d 7d 8d

So3b g 3 e 0L

AYIAASM™ 9 VA ok (65900 (i Hlowd Cod 1giaS (5 g0 diged 55 i 63590l ol jme £ UKW
w5 (510 sre BWAT g kol Jas 51 i S yiniio By S yd JBlas oS g i (il
Figure 4. Malondialdehyde content in leaf sample of Quinoa under salinity stress at 6.9 dSm*

and 13.8 dSm™ is. The average of the columns that have at least one letter in common do not
have a statistically significant difference.

G399 O g 53 Sl T 5T glaes 35T Cudled —
U g 39S gaw -

ool 3081 5 039000 Sy 41 (02) 050w G2 a5 sl w3l ol UsemmdsnsS s e Joluo S0 5
oS ctly Gl il ol cdled i (25 Jlosl (ol (glajgy 5 ol Lt BgesmdduST g w3l Culled )y
Jie pSls & @3l cnl Glise pows joy 3 4 psbodr sl 039y Jslas 5 daST o @y 5 SLSU i L> & Yiezs|
w3l Sl olies (1 Jsi) Gl o i (eloly o 4 lS il ol ol 51w & pos o) 3l s 395
golaw Jlite Gl &S g0y 32 o gime (35 Jloel 5l oy (sl )3 o 9 (35 il zolaw )3 o BgeunyddenS T gw
A 93 Loys) o 5oy 0 FIAASII il ) Shgansdtuslpgw w il Cllad oo o i A5 4l e 5 loj 3
B Sas 5 ym0 3 oS &5 olSim Lidges ()15 e (B JSB) Ab dmlitio ot o) 3 ol s (S g (10l

)LMJ.\.H.»S‘)J?M wJ)JT u..ll,e wblf stj).} 5 (Na+) PR WP ul).w u*‘”?" w&lf J.deu co‘.; R uL.: L ‘J).;L;o

Ve

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

wamsml,

Slalllae ol wly cpien (Vaidyanathan et al. 2003) s5i o odal i (ol s o8, 4 Cu i palio o8 )
bogoad Jld olS oS 5 wiw (698 olime )38l L (2002) Mirmohammadi meybodi & Ghareyazi
(56 s blie 3 ¢3S (slaJI00ly Ao i )3 (£l s gl lgiear BgonmsdnnS g w3l b 25l
aaldl (sl olS 53 00 Mg Sy v Lo 4 B oLS &S Sloj U leis wuly8 pl Lol led oo Coglie (5594 i

3.5 -
a
3 3 ab
: b
:5 2.5 - c
i -
L 2 d Md -
N ee de e
7 15 ce  of 6.9 dSm-1
f
"{ L flg f 413.8 dSm-1
05 -
0 T T —T —T —T —
Ctrl 6hr 12hr 3d 4d 5d 6d 7d 8d
Sosd B g9 5l o 0L

dSM™ 5 VA gk (59 i jlond Cod IghaS (5 1 diged 535U gomunsddmnsS s gur (3l 50 .0 JSoud
w0 6,5 ere YA g lof Sl I ki S pibio By S 40 JBlis oS gl gt 3uSiko I T/A
Figure 5. Superoxide dismotase content in leaf sample of Quinoa under salinity stress at 6.9 dSm-

Land 13.8 dSm is. The average of the columns that have at least one letter in common do not

have a statistically significant difference.

YU -Y
5 @ (st STy B o 9 ) 3929 (6)M gt 9 Sy IS uuoMlygiins g uSTy 53 YU a3l
9003 Jobo 903 393 STy W9 o (6598 «lalllas olly (Mckersie & Leshem 1994) 4 o )5S
Y wislon cilae | T el 31l Gl331 L gy 31 9B Bl Jobow )3 cngllS 453 clled aile sl
Shen et al. ) ss spSols Joloo cowdlg i 5 05 ey (fgsen STy St Cgllasli T 1 sl o ol

595 B ecsyod Jlos! 5l s clebs il 381 b ¢ g youd o 93y 55 a8 3> Lis YIS o 351 590 )3 ey ol @il (1977

AR

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



BN,

(\i’i )L@ ) b)w Y b)sb) dﬁl,; ‘5;‘)_;4_!9 &.‘!’:';) 41?:0

s,

(2002) Mittler clalas b 35 ases o) 48 conl azily (g5 e ial33l 5YBIS o3l 5w a0 (25 Jlos! 5 dm o)l
Sl L ablie (25 Jleel adgl clelw ;o JYBI 3l ial38l s g csly calks (2002) Rios-Gonzalez et al. 4
Oljpe 853l Lt 2l (aoyp 3 5 SS9V oo bt ablioe (3T S (sladisS ol g )79y STy )3
5 s 5 oo lize 5l siz s ol 4l gy LAl 53 0 3 ()b ine Sl & e Sy Sl T o) Sl
o)) K g duoyd gy e §3 Cui Ay (gD xe M ¢ il amy slaylej g (6594 prlawsd I plasye Lol Dg 4o xe

W l)

N
1
o
(9]
(@]

bdc bc bc

VB 5T e
[E=N
o

d Cdcd
d m6.9 dSm-1
413.8 dSm-1

[N
I

o
(621
1

Ctrl 6hr 12hr 3d 4d 5d 6d 7d 8d

S 5 s 5 e 0L

AYINASMT 9 VA zobaw (5 90 (i Hlowd Codi IgaS 5y diged 43 (CAT) ;Y0 om0 T UK
W, 6,15 xe YA (g lol i 5l ki S piniio By S 40 JBlis oS B gt (uSile
Figure 6. Catalase content in leaf sample of Quinoa under salinity stress at 6.9 dSm* and 13.8

dSm is. The average of the columns that have at least one letter in common do not have a

statistically significant difference.

STy 31 -V
ol Gty Bl ;25,06 &8 st 5193 0155b 5=l )sSl &8 2 (sla 51 1 (glae gooro lajlaus]y,
e Slo i lie )3 GlalS cblis car @a Jole plyisa |y ml ol Clad e 1 gl S s o
Gy aly olgea JumSly wpl clld (gyob maw 93 o Y JSG wlel, (Meloni et al. 2003) wlodges lgie

ot Sy oyt b (5 sine (gm0 Ligy (b (3emST iS5 olS (Ssdcesl 5 Jobo slid 55 talS
WY

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



RN,

wamsml,

2 S5 b )l En b ol e g il aald] (5 Jlael 1 g e 59 U Gl ol bl ol (L (659 (25 Jlael 5|
cde 3950 Ll (Cramer 2002) s 4zl o cdld e 5l eJsbo Gy 5 (gy98 (i i 2alS Yiois! o Jobo
4 9 039 (o 9 S STy sl o 23l Jlb (30T lgil A G581 5090 (15 (B 5 3l il el tal38
S wleie Jiwe |y sk muadsibio Colid 1 9 03,5 3l ol Wiy p 9 DNA dased ol Jobo il slaJgSlogen
Lol abg & 015 155 S| Sl 3l 5 9550 paes dlasly 4 W glaeST (25 b (I3 g
2 5 s plp 3 Jeod g Jol | cblis 5 Jlb ()50uS] slaaisS [l g (il s el SlanSTy abox I LS

(Sairam & Tyagi 2004) x4 o0 oLS

2.5 -
a
2 4 ab
4 b
bc
. bc
3 15 - Pe c
R cc C
113, coc d dé:de cde
N 1. e m6.9dSm-1
3, 413.8 dSm-1
ha)
0.5 -
0 n — T ——T ——T ——T ——T T ——T ——T
Ctrl 6hr 12hr 3d 4d 5d 6d 7d 8d
Sosd A g9 5l e Ol

ASM™ 5 VA zokw (g g i jlowl i TguS (S o digod 13 (POX) jlawmSTy Callad oo 351 .V JSWS
w5 (618 xe WA g bl Jas 5l i S piniio By S > JBlus oS g ygiw (ko VYA L
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