000 St 5 s S

85T 3 (g (pid Ol il gl 6,8 caww] Sl Cawlio yloj 35,

o o 5 85 e ) 3L036] dame 7 s damas ) o2 o 105
Hyesd o8l (558 eaSisly SLel pole iske”
e oIS (55,518 0uSls (5l i
eshghi@shirazu.ac.ir: Jgtuwe s o*

S

P9 e Ol Sibdegd g SIS Gble ) (65)slS SV pasme W eaiS e sy | (S dlyisa o9t U
Sl 25 3,18 & sl 05 o 135 1o il o (5995 LA 8 o did (25yltS (sl en 1 S ygaen Y+ 5l 2oy Yo 3905
085 bl 3 o oolazalyyge 5> (198525 I8 3lisuldge (SIS (AT 0294 5 (st e SO 4 Jood (el o Wl e el
26 oS 59y A Dde &y Siiggyien Laalpd 53 4Bl b9 (K095 (LS jolate s 2) 329 (o)l SLEl (LS )3 )9
9V) el Sl cilisen zobas b LS o sl Sl ol sl 22385 )13 (b 2051 3 ¥50 (o ¥ g ) ()98 iliio a9
Ol gl a8 Jlosd (6)58 25 ) dm i 4 5 ()9d (T L o «5ypd G5 5| S i ) lisee loj dw )3 (1Y g0 (o ¥
Bl Gial38 o) Y59 OF FO (lise 4 (6098 (A5 5150 i i e omelienST g (Fgsken STy g pSUl cuts &S oD
oS 5 G L plejen g 5)9b i SET 51 U ain S loj 3 ofgts del Sl Vg0 (o Nl ) I3l e ol &Sl 5
il pals ald jlas b awglie 13 203 VY Glise & mat 255 Vg0 (e Fr(6)98 (A5 Lulyd )3 ogse 3 Slee 03 (g9 Sl g
3 Sl Sl Hlags 48" Wl asudie don)d g o pd ¥ 5 VY el iy duwl Sl jWge (Lo Vg ) Hled j0 JialS oliee opl &S Jls s
P (R0 LS 5 e Sl Wlgie (5L plojen 5 G TSI S atin S )3 ofigas 695 G55 Laulpd o Yse e ) clale
Al Al (gyeb i bl
Sopd i o ySlas clinl ilisT ol 1 galS sbasjly
dodlo

Sl e g casl oYU olie b5y gyl a8 cunl SLeL SV same dles I (Fragaria x ananassa Duch.) (55,85
S y3agi 09,0l (Caulet et al., 2014) ool aaiB 5 pud o piliwgs] (oo qeawly « Sgdal dapelig sl (63150
e slel Gloc] codS 1alS g a5 Js 4 58l clalo )3 (g sdoe S5 5 CutS aalllS )0 03,08 &jp0n;
3o )8 55 o ey |y Jpaa ol Mg Sl i it Slo 5 elasl (5358 5 o el 2nlS o 5 Slae
P9 o (SMpnds (SLEL GUS ) plo G 53 (6r9d G5 4 elas Jpaze lpicdr Jgae ol &S
S olgisa o g B Joas A o 3lsS Jitl Jlub g8 4 ool (19,0 &5 sl Jobo e LS 5 (ot ol el
GF b > 0 dgnge lai doy Ve 5l Gio S (gew I (HOOKS et al. 2004) a8 o cullsd b oo )5 Salawly
2 el Szl b o U o bl 5l onlizal 31 (slaJlo )3 igdio JUb il gt ST IS g ol SebensS 325
b s () 25 bl 15 Suis 5 6y 4 Jaos Liulsdl gl d oxie Wl oo 4 sl 01db00l> Ut sl 48,4y lalS
285 3525 (£ GBS )3 (65 i & Jeos Gl dlul 53 ol 2,08 5 e (5155 (58T eadplsl slastmgl 4 g
5 plol (095 53 (6)9d G5 Ll pd )3 Sl Stal 38" gy Saaly inghs cul 9500l

595 9 9o
SLE pole i i IS 53 39 S 93 Jols 5 5 45 55 e b (o3l SlS )b B 3 gy ool
Saodly S5 )3 gl o5 (5B 0a ey (sl yglato l sl Pl AV (liaas 5 july b Sy oSl
sl 5l & Slie 4 wilSgn Joloro 1 laslis 4335 jglaied; W0l CulS V1) oo Cand b Sy 9SS (o5l o) Y

oLy @) pac Jg sl8uidls — Y€+ dloygr oead VY U VE — ol (SUEY ogle 8,58 (ymoa jlga



et 9 o S ST 00

clale 90 50 dowl Sl Lab ol 1 ecliv] oy can o odlaiwl (el atily 1) ol Jolowe gy duopd Vo lalals
Olo 5l 45 yecSy (slatin &0 lojloss b 4B IS 4 (690 ST L lojen o b edlitel Yo e 93 5 S il
Sl SR il B ptaleil Gbb > 09 ola dw dgas (tolejl (L B lalass el ploj 51 cd)S 5 S Lasl > (Sp 0-F
L 30 osly (g lal 4jo 8,5 51,8 b)) 3)90 090 3,Slas g a5l (63 e STy (590 lime g iSUl s ol

A plool Mo )3 O e j3 4SSl O?A)‘] alowgdy 55 Wodly 1Sl duslds 5 8,5 plosl SPSS-21 l58ls 5 5 ealatul

e (258 g oy () JS5) Ad asaST (5908 (e (B 4 pomie 6y 25 45 ol LS g ol mls
w53 Vo o ) CIE 3 0394 dol Sl 2,)l8 K05 (g9 jlab odalitio 1aLS 5 ()9 SIS slaylesi ) oy @

29 G5 Ll b )3 045355 3T (550 e SRR ) jorie (69 GRSl A e S5 5 o (i atin S5) o
W)

S koS o : S X : > X
00{\6 <° ><\’Yv ><q’Yv X\Yy \Yy \?3' X'»vi W?y "\/VXV
X X X X
& &P OO e
SN A
Treatments

RO 13 (590 (5 L g (9 Tl 93 )3 sl Sl e b lowd 1Y JSW
W, S (9051 Mo 3 0 rdaws yd (6,15 gre gl (6 ,le] S5 Aliive Bg > by gl pSilee

Szl 228 (Y JS3) 25 0wl ooy (595 G35 Hloss > 254l (63 (pglle W e (st (6y90 G5 sl >

o VgV clale g3 ym 3 6)8d (i ks o ol i (e 5 45 (6y9d A Ll 53 T i pRelST 4 et sl

LS sla o 3 5503081 5 58 3 el Kl ly 13 145 a4 03,054 (6395 L5 b oloion 45 o Vo
ol oabosnlie byyloss oyl 1> ol o568 g sl 03,5 Cnilon 6y i balps

Oloiund, ) e Jg ol5iil> = VE+ + oloyg e WY U VE — ol (SLEL sl 0,55 cppod g



ik ik 9 Pt S O

MDA (umol g FW)
O P N W OO OO

LB o SR ST SR ST
& < \?* WY’ \y? \?3’ \Y,Y’ q}? %YX’ q}?
X
$ O oo o
OOQ OOQ %‘b %‘b- %qy %‘b %‘b %fv
Treatments

S 3 53908 Ay g e e 53 3 el St e (5l lod 1Y IS
W 5SG15 (y903] dao yd 0 w43 (15 sre Caglis glol a3l Aliive Bgyn U (g Rilne

R4 9 o S i e ity 1 5 S5 S 3 g S s I3 4 xin 5398 5

Ol lise cpl (Jg Bl yiulal aals jlos b duslie j3 (gya i Lol )3 48104 ol jlas 4 Cj Oy g A odnlie

bylys o 1y Giolidl e cpl Cadles )Yge Lo S 03rad dunl Sl slajlass 9 39 e o3 a8 Sl Sl sl Lo 5o
(Y USS) sl jieST (gyaub i

g1 o ~
o O O o

N W
o o

Electrolyte leakage (%)
= N
o o

o

\ad \ad 4 Q X .
ko Nag \ad

\Xq, ><\ng ><\Yyv x\’v X'»YXV Xq' xq'

¢ L O O £ © 9O

C)OQ Qo° S < @ <
Treatments

SRS )3 6590 AT L g g Bl g 93 )3 el Seilen] liSee (gl jlo 1Y U
W 5S15 y903] dao yd 0l 45 (610 sre Caglis g lol a3l Aliive B9y U (gla pilne

2 0Sles e o ials cpl (P USS) ol ials cada gy (i bl )0 (5,808 OY gase 3,Slas e
bylys &S cuwl Jb j> ol (Saied et al., 2005; Orsini et al., 2012) cosl sad y5)l55 o yingh plo ;0 30 (Spay
2 9 ald jles I it (g Gl (pl g Mb SV gase 3 )Slas (lie GlalBl 4 e sl Sl 3 (698 LIS (g
sloleds 2 (12l i ool g 8L (1l Jgazme 3,Sles 50 4251 6550 A5 Ll 13 1505 (gm0 1505 L o
Sy oS (2l (698 LI et b dugliie 5 sl St

Sloiand; @) pac Jg o8l — VEo o olo g s IV B VE = 1yl (SLEL pgle 0,538 cpuod3jlgd



o el g (et § (S T oo

= =
ol o )
o S o

Yield (g plant! month-1)
(2]
o

40
20
0
Qo&o\ & LN \qu & %ﬁ vax

X
N C‘)\X C}X

& > & fzr\x rbo : ‘29 > G
& & 5 TS

Treatments

GRAOP )3 § 9 GG b g (9 Tl 93 55 el Sl liSes (s ajle 1€ JSS
W5 15 903l dao 53 0 pbrw 45 (615 sre Crglis (g lol a3 dliivo gy U gla pSilue

&l

Caulet, R. Gradinariu, P., lurea, G. D. & Morariu, A. (2014). Influence of furostanol glycosides treatments on
strawberry (Fragariax ananassa Duch.) growth and photosynthetic characteristics under drought
condition. Scientia Horticulturae, 169, 179-188.

Hoagland, D. R. and Arnon, D. I. 1950. The water culture method for growing plants without soil. Circular.
California Agricultural Experiment Station. 347(2nd edit).

Hooks, M. A., Turner, J. E., Murphy, E. C. & Graham, I. A. (2004). Acetate non-utilizing mutants of
Arabidopsis: evidence that organic acids influence carbohydrate perception in germinating
seedlings. Molecular Genetics and Genomics, 271(3), 249-256.

Kim, J. M., To, T. K., Matsui, A., Tanoi, K., Kobayashi, N. I., Matsuda, F., ... & Bashir, K. (2017). Acetate-
mediated novel survival strategy against drought in plants. Nature Plants, 3(7), 17097.

Orsini, F., Alnayef, M., Bona, S., Maggio, A. and G. Gianquinto. (2012). Low stomatal density and reduced
transpiration facilitate strawberry adaptation to salinity. Environmental and Experimental Botany,
81:1-10

Saied, A.S., Keutgen, A. J. and Noga. G. (2005). The influence of NaCl salinity on growth, yield and fruit
quality of strawberry cvs. ‘Elsanta’ and ‘Korona’. Scientia Horticulture, 103: 289-303

Sloiand; @) pac Jg o8l — VEo o olo g s IV B VE = 1yl (SLEL pgle 0,538 cpuod3jlgd


https://www.journals.elsevier.com/environmental-and-experimental-botany
https://www.journals.elsevier.com/environmental-and-experimental-botany

0o i g (St j (S T

Using the right time of acetic acid, a solution to reduce the effects of salinity stress on
strawberries

Zahra Mirfattahi!, Saeid Eshghi*?, Mohammad Etemadi?, Ali Gharaghani*, and

Ali Moghadam®
1Department of Horticultural Science, School of Agriculture, Shiraz University, Shiraz, Iran

2 Department of Horticultural Science, School of Agriculture, Shiraz University, Shiraz, Iran

3 Department of Horticultural Science, School of Agriculture, Shiraz University, Shiraz, Iran

4 Department of Horticultural Science, School of Agriculture, Shiraz University, Shiraz, Iran
Sinstitute of Biotechnology, Shiraz University, Shiraz, Iran

*Corresponding author: eshghi@shirazu.ac.ir

Abstract

Salinity stress is considered as one of the threatening factors of agricultural production in
arid and semi-arid regions of the world. About 20% of the 230 million hectares of
agricultural land in the world are affected by salinity stress. It has recently been reported
that external application of acetic acid can be used to increase tolerance to abiotic stresses,
especially drought stress. So far, there are no reports of its use in salinity stress conditions
in horticultural plants. For this purpose, strawberry plants grown in hydroponic conditions
for 90 days were exposed to two different salinity levels (0 and 40 mM sodium chloride).
For acetic acid treatments, plants were treated with different levels of acetic acid (1 and 2
mM) at three different times (one week before salinity stress, simultaneously with salinity
stress and one week after salinity stress). The results showed that electrolyte leakage,
hydrogen peroxide and lipid peroxidation increased by salinity stress by 45%, 54% and
46%, respectively. However, this increase was less in 1 mM acetic acid treatment, especially
one week before the onset of salinity stress and at the same time with salinity stress. On the
other hand, fruit yield under salinity stress of 40 mM sodium chloride decreased by 71%
compared to the control treatment, while the reduction in 1 and 2 mM acetic acid treatment
was 31% and 45%, respectively. As a result, it was found that acetic acid treatment at a
concentration of 1 mM under salinity stress, especially in a week before the onset of stress
and at the same time with stress can have positive effects on strawberry plants under salinity
stress.

Keywords: Acetate; Antioxidant; Salinity stress; Yield.
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