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Abstract

Seed priming is one of the ways to deal with stress conditions. The current research
aims to improve the germination indices of indigo against oxidative stress caused by
salinity through seed priming with pistachio wood vinegar in the form of a completely
randomized basic design. Non-primed (control), hydro-primed, and primed seeds with
concentrations of 300 and 200 times the dilution of pistachio wood vinegar were used in
salinity conditions (0, 50, 100, and 150 mM NaCl). The results showed that salinity
levels significantly decreased germination percentage, germination rate, germination
rate coefficient, vigor index of seedling weight, fresh and dry weight of seedling, dry
matter, radicle length, and anthocyanin content and increased the average germination
time, the amount of total soluble sugars, reactive oxygen species, and malondialdehyde.
Seed priming with pistachio wood vinegar significantly improved germination
percentage, germination speed, and vigor index of seedling weight under saline
conditions and reduced the average germination time. Seed priming with 300- and 200-
times dilution of pistachio wood vinegar in normal conditions and 50 mM salinity
improved the morphological characteristics of seedlings compared to unprimed seeds.
In addition, seed priming with pistachio wood vinegar, 300 times dilution, under salinity
conditions by 100 mM reduced the content of soluble sugars and malondialdehyde,
improving the biochemical status of seedlings compared to oxidative stress. In general,
it seems seed priming of indigo with pistachio wood vinegar diluted 300 times is more
practical and economical as a modulating agent for the adverse effects caused by salt
stress.

* Corresponding Author: a.seiedi@ujiroft.ac.ir
@I BY NC ND
2322- 2204/ © University of Isfahan

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses BY-NC-ND 4.0)

DOI. 10.22108/1JPB.2023.135181.1298


https://ijpb.ui.ac.ir/?lang=en
https://www.orcid.org/0000-0002-9767-1729
https://www.orcid.org/0000-0002-9767-1729

Introduction

Indigo is a medicinal and industrial plant that produces indigo dye from the active
ingredient in its leaves for the textile and cosmetic industries. Salinity stress following
drought stress is one of the most significant barriers to medicinal plant production in
many regions, particularly dry regions. The most sensitive phase of a plant's life cycle to
salinity stress is seed germination and seedling emergence. One technique for dealing
with stressful situations is seed priming. Wood vinegar, also known as pyroligneous
acid, is a reddish-brown liquid formed by the condensation of gas produced by the high-
temperature anaerobic pyrolysis and carbonization of charcoal from agricultural and
forestry waste. It can improve soil quality, increase plant growth, and ultimately crop
production by containing 10% to 20% organic compounds and more than 200 different
types of organic substances such as organic acids, ketones, aldehydes, alcohols, phenols
and their derivatives, carbohydrate derivatives, and nitrogenous compounds. It has
recently been discovered that, when used correctly, wood vinegar acts similarly to plant
growth-regulating compounds and has a positive effect on seed germination. The
current study aimed to improve indigo germination indices against oxidative stress
caused by salinity by priming the seeds with pistachio wood vinegar.

Materials and Methods

This study was carried out as a factorial experiment with a completely randomized
design. Non-primed (control), hydro-primed, and primed seeds with concentrations of
300 and 200 times the dilution of pistachio wood vinegar (PWV) were used in salinity
conditions (0, 50, 100, and 150 mM NacCl) in this experiment, with three repetitions.
The seed germination indices and morphological characteristics of the seedlings were
evaluated at the end of the experiment. In order to understand how priming improves
germination, an antioxidant mechanism and sugar metabolism were also studied.

Results and Discussion

In comparison to normal conditions, salinity levels of 50, 100, and 150 mM reduced
root length by 52, 54, and 72%, shoot length by 25, 34, and 61%, and seedling length by
34, 41, and 65%, respectively. Seed priming with pistachio wood vinegar significantly
improved germination percentage, germination speed, and vigor index of seedling
weight under saline conditions and reduced the average germination time.
Hydropriming and priming of seeds with PWV, diluted 300 and 200 times, increased
root length by 25, 30, and 19%, respectively, in salinity conditions of 50 mM compared
to unprimed seeds. Hydropriming increased the length of root, shoot, and seedling by
24, 18, and 16%, respectively, in 150 mM salinity conditions. Seedling fresh weight
increased by 21% compared to control under 50 mM salinity, while it decreased by 36%
under 150 mM salinity, compared to normal conditions. Furthermore, salinity levels of
50 and 100 mM increased seedling dry weight by 9 and 14%, respectively, compared to
the control conditions. Under 50 mM salinity stress, Hydropriming of seeds increased
seedling fresh weight by 11% compared to unprimed seeds (control).

Conclusion

Considering the results of the study, under 150 mM salinity stress hyropriming and
priming of seeds with PWV, diluted 300 and 200 times, increased the seedlings’ fresh
weight by 67, 50, and 31%, respectively, compared to the control. Seed priming with
300- and 200-fold dilutions of pistachio wood vinegar in normal conditions and 50 mM
salinity improved seedling morphology compared to unprimed seeds. Seed priming with
pistachio wood vinegar, 300-fold diluted, under salinity conditions of 100 mM reduces
the content of soluble sugars and malondialdehyde, improving seedling biochemical



status compared to oxidative stress. In general, seed priming indigo with 300-fold

diluted pistachio wood vinegar appears to be more practical and cost-effective as a
modulating agent for the negative effects of salt stress.

Keywords: Osmotic Modulation, Germination Percentage, Reactive Oxygen Species,
Sodium Chloride, Malondialdehyde



FYPF dois V1) Dlsls o33 5 ol 55lad a3l Jlo 01l (AL bl 5
VEOV/PIYA e 5L s e
VBNV Ssdon ) )
VEONYNY DGl oy 70

9 S 6&;3.15 cé}‘\ﬂ? élavaém S9a@
00!y (&2 5k 3 Sagh i Cod i 4malS (2 Lo g
oy D92 4 g b Iy

\ Z. s PR Y* LY T
)\f}g-}:g;‘jygu:ﬁs)tp‘ GAT“V'B“@L““”‘J"?“‘:M
Ol 62 028 o o815 (53,58 3088315 (UL 3ol 5 el 055
Qb;_\cﬁ,éﬂtdﬂa\ii&\:cd})jwév&iﬂbn@\fé\{r}bu};‘

Ol ctn gl et )l oKils (T ilo (S gd o i358T 55 0 ¢ ggsls OLE o5 8

o
Slo L 25y Sula Ll gl ol A5 Tl 5 b bl la)lS ol 51 (S 5k el
93 ey g 8 e b layds ol 5 b 3 s 5 U ST 25l s S el e
Lol 5 Sl oo (als) odis ol (slasdy 31 s plowit bl SlS™ aly & b G
e La 100 5 V00 @ i (gysh Ll E 55 ate Lo &S e Sd) Yoo ¥ clacbile
(Sl L (G0l Ao)d (Sosh mhe GHIGIL sl DL s s eslinl o NULY
dsb Sist esle dos coal s 5 5 05 el an (el 5 il e
(JS Jsloes (slads jliie ¢ g5al g Ol Lo 20 5 28l (6515 sne 5 b & il 5T Jlde g amaly s
S b ek Sl S8l LRIl syl cae ssb 4 ST e Ol 5 058 51T Sl
23 el wn Gy el (il Ce e (Sl s sleins 35 S e Cp
S b byl Siasl 5l 2l (gl gme ysb 4 1y G4l Ol lawge 5 Sl (558 Lal 8
2 lodias spp U Ve Lo 00 (gusd 5 gole Ll s 3 Sd) plp Yer 5Tt O
WS by Sl e izl 0 ol (Slay L 4 S ol S5 8 S5
2 lodins 2ol S ylainn ssb 4 sV gn e Voo B g)ss Il E 55 Sy T w Csp
S e 3 aalS glasd gy Cundy gy o 5 bl LTG0 Jlo 5 shone (5o e
oliST Jdss ol Olsie 4 S35 Rl ¥rr dy Qo 85 b0 B 4 (IS sk S SIS

(s A 1S (050 53T SISl ¢ 558l g A 53 (6 ol SlroliS™ Jsni 2 SlS” (S0 Mg
LT 0

CANYTPAC YT L 6kt @.5eiedi@Ujiroft.ac.ir 1S S oy SLas 1 s jms 56,57

@I BY NC ND
2322- 2204/ © University of Isfahan

This is an open access article under the CC-BY-NC-ND 4.0 License (https://creativecommons.org/licenses BY-NC-ND 4.0)

DOI. 10.22108/1JPB.2023.135181.1298


https://www.orcid.org/0000-0002-9767-1729

\F'\ QL“..M..»U 4(:}) 9 al?;'.; Z)Ls..i 4(..&})\4;; J\.w ;Q\J.Ll @L;f sﬁuﬁaﬁ)

ad

o 3 eslizal 5 ST e i |y (S bl
LS o 3o Dol 4 1y (65,5LiS Caldal (ol
abas ;I (Gopalakrishnan and Kumar, 2020)
o Yo Lm g)ss Tobe (siyslis b
3 dess Y Ui 5 e 2S5 e
AU oo sl sk a1y ST o) b
Ao y3 B 3l sy ol Y00 Jl by das o 5l 3
(Machado end Serralheiro, s, dal s 513
OLLE (sosh S L ek ¢l 2017)
Foosp s Llesls eSS 1, ke L;um;&,.
Ll ke eSS 1 0bE o was
ol s, sleeass by Gdy Kol
e gyl 6 S 5 (JT slaass
(Rhaman et al., 2021b; Abdel Lles S™ osleza
S Latef, et al., 2021; Rasel et al., 2021)
Sl s e Y ol 4 gt o1l )
3B e gME Blse e S S sl cada
s DS ol oS 5 ol 03 54 olS
5 oemPl S e b s (g8
Conl b b6 S ple Calibes glacsl 3
5l ss i (Moradi and Abdelbagi, 2007)
Sifnzd S el feipd e sl
s Shes g iy gosls L5 5T Cou 1) LS
pld (Soss dad s alS 1y o) sals
Cole g o)y b Jlol glbanT
Al o 31 olS (G550 5 g r e ple (550
das o 53 ST Cou 1) Gy g b Sialer

(Salek Mearaji et al., 2019, Zeinivand and
55 3 ey Sos% i Nasr Esfahani, 2021)

> @als SBlE Wy s ol sl I (Sis
el S ble ohs 4 Gble 31 golew

.

EPYEV-1

sle pb L Ay ile S
oY o,5 ;I Indigofera ftinctoria L.
Mg ogly el gbdl s .ol (Fabaceae)
(Ansouri et al., ol odd oslizul b &K,
o3l (58T 5 5l L BT K, 2012)
S PP KK GPTNE U
osbas Sl hos cpomen sh o g
35 g0 My S (ks (S5 0leys (sl J5 olS
sphe odliml 50 (g3 e Ol
(Rastegari et al., 2021)

N T N N O
Sl oS Sl Hd 53 glacan 5 K5
(Salek Mearagji et al., 554 o oo 0As Jlab
Aol b G ol bl Laseeys ¢SS 5455 2019)
T PE S CIP P Rt A PV P SO o
Sl ommmen 5 s o SRS 55 1 L4 o
Wyl LS b 4 ld S sk
2 Gash A i 30 (Madadi et al., 2016)
5 Sl ey SR Jals baydy S5aler
Sl by 53 o 5 S o SIS 030
salS el ,se (Pravar et al., 2015)
S S s gl s es ST T il
e g s e s ) G Caem
dns 53 5038 e oS LS4 s 1) ele
b ok Gl a8 Cel

(Jahanbakhsh et al. 2019; Fathi and Seyedi,
2021)

O R P A S DS T NC. S EP -+

55 sl /A s oS el gla, T



Fo G oS e sy Sa s G b 1 o5 A o S ealS slant g s sk 6l S s ¢ 8l e et i s

Qb&k}&@vﬁ;lw

o> 5l (Bilehal et al., 2012) Calises JT o3ls
5 O b IS s T g s ¢ JT (slactnl
s b Sy OS5 0T Slitie
Oliie oyl s ST dgT Oliie
(Qinet ol Hs05s 0 SLS 5 5 Slhdas S
&S (emen al, 2010; Ma et al., 2013)
S s S g & S L WIS s o
ORIl Caw 5 ook S ClS s Csl
33 sk oge 5 okb il 5 (alsy drwy
1 eslinul &7 ol ok 0513 Ol (6 K3 Slalllas
2 Sl ey Bl el (o &
5 OLLE db, (5l Eel comen 5 olkd L,
355 Py i Mg Zel Solg oo

(Abdolahipour and Haghighi, 2019; Ofoe,
S ek aiS Ll sladle s et al, 2022)

oS A oS (a5 SLS 5 wlie sz S
2 @ A el CBlE L A e e
(Flematti et al., 2004; s,ls 4 gjale
Llg oo s> a5 . Nelson et al., 2012)
s glacae 5 osls il 1) «ls 5 Shes
(memen (Simma et al., 2017) was sl
Gl &g del oS das e OLES dalyd
Sl W5 el 6555 b S 5 S
4 Dy bOge e Sl Ghidr ol
Dixon et ) 5,05 G 58 L8 L W oS5,
(..W;&A [(al., 2009; Chiwocha et al., 2009
b alie oS08 s S o 5 (A3
(Dixonetal.,, colods aslil glal se ) sn 52

L. .2009; Gomz-Roldan et al., 2008)

5 Ady p dlg e clie Chle s e Sy

SE 4z 53 Sosd 4 Combe o oy i
Ay sl s 5 Sieler pKs 4 lalS
(Ganjali etal., 2017) cowl sl odalie

Ly bl 87 ol osb (58 S S
Gy S pke Clab & A o Slhds ol b
sl araiyy Hseb Ll osd BT Gidle
(Tania et al., 2020, Rhaman et al., 5% o
S ke Ol i o1 sl L Kiasl 5 2020)
Sl 5 sd e 55wl K Sl Hdy o
5 @ O o a3 5 Az g RIBI d,
Spen 1y G5 035 il (man 5 (Sen
Kimsl p eopl p osMe (Zhu et al., 2021)s 1
Jol codiaSTol (slaw 5T b oo
S BT (S s S S 5 5 S
(Rhaman et al., das . 2alS oLlE s 1,
2021a)

s Al 4 S O S
ol Cwl oy ,ae ;5 (Pyrolignious acid)
SE 58 (S e 318l 305 4 e Sl
S JB5 O 05 S 5 O 4y Sl Jol
o I 5 6555l Slals i Jol>
byl ooy silng Ll s 5o VL les
Lo b OBl 5 b SIS slosle Ol e
slpe S eslizel sl b (Kl o
(Zhai et al., ol 55,58 Cane j3 glod
2015; Grewal and Abbey Gunupuru, 2018)
Do sbogub 5 LSt ¢y «
Ol i J xS 5 (Tiilikkala et al., 2010)
Sob= osle ol 39, 0 IS & (Wititsiri, 2011)

C}JY“)'\J';ﬁdeTQfoJSM)JY'U\'



\F'\ QL“..M..»U 4(:}) 9 al?;'.; Z)Ls..i 4(..&})\4;; J\.w ;Q\J.Ll @L;f sﬁuﬁaﬁ)

2

Ll s sk SSdaie s Shs s
b ol sl Sl Gb Sl ot 5

b 9y 9 g0
Sl S sy shie 4 adlas oyl
S & o Calie glachle U s oS 5d
e I S e i ]
2 U5 el pledip 5 b, Gla el
oMslesT 53 VY Hlg 5o o8 LA Lal s
oSl (555ES” 0aSlils SLeL 5 Zelyj0s 8
JosS S so 4 aleT opl ikl plawil 5
Lo plail 1SS an by ol SIS = b I s
VO g Ve B ) gosh ela dyl HsSTB &S
Joo o 5B (e LN Y se e
Simlyy () k) Kol y 05k) Kol
bosd Samly (Yasld) i OT L osdy
ol e Gy i Foo s Yoo skl
Sosh oled el Sl (g S S e
Ao o) Goss Chl Can s abT i
ERNC VT TP A S TR 29
(Taati et al., iy Sk olol (oo
5 Sl Aoy ST Ll s ¢l 2013)
N Yoo o5 kw5 INETIKGNE
4 gliws Sl oy SISl 5l Y
S Sns sun Sl S5 A G
3 S s el et 5 655
Gy GV sn s 100 5V er D) Ve s Yoo
Sysn 03 ST I s eslinl (6) 58 LS

oo 5 NIEy e 3 oS s
Skl 5 Sl s el b S8
o313 0las Slalas L yls SY b Wl 503
sy pd sl LSS, Sl
(Chiwocha et al., 2009; Gomez- LS .
Roldan et al., 2008; Flematti et al., 2009;
Kulkarni et al., 2010; Nelson, et al., 2012)
Sl S el il slaeyss Lo layd
(Bewley et al., 2013) das oo Ol 1y (Slodomy
3 e 3 o Siale gla ey ST
S Sl Ll e sl Lo 5 4 2
Eo B 4 S Sl pd A4S As, ST
bl 53 pme sled &G S5 Lajd Lol cdas
i b & ) g ey ol Lo
Slrp e v ol Gialer Aoy S 54
6’9\5 Losls ae gazms (Glawslin Jowi 5 a2
Calbee sla g, 5 LESLSS o8 e (o
0T Gl o ol Olgea Gialer 8 o5l
(Kader, 2005; Ranal and ..l oud slgiis
5 5SS s ,e 0l Santana, 2006)
Wl & dnes ope gl Jlojes
Sl La) gl Sl by Ls S eIl
Wy b b Sns ol Gl 5l oS8T
sl W4z Lis Jyese
e Ol p g2 5 5o (Gl eSS oy 5 52 5
Syls Caenl 55 Ol,slaST ol S el
2 oot Al sl s, 5 Sialer
Sy Sosh 4 Jod 5 Sl DS ST S
s S SblE ws,y s Gl ol
el g Dl S A s ST



fv S S byl Saal b Sl s A S S ealS b s sty G Shs el sl et li s e

Qb&k}&@vﬁ;lw

Casby b e s dands poled oygs b
=S by S plhis s s ekd JRS
Cslee Cugby 4 b5y 6558 Hled b Al
b bye B Shs bl OLL 5 L,

i bl ey 554l

29 (Fidlgr 4 by o S ST 29
(Percent of Germination) g j4ilg=> Jo 3

534S Ld awla () dasly S G54l Ao ys
o34l g s sl Ni 5 J54l s Ao y5 PG (0T
Sl byds IS sl Ny isles 5T 5ay oo
(Salimi and Ghorbani, 2001)
PG=(Ni/N)x100 () dasly)

(Coefficient of Velocity of Ji4ilga e gw v yo
Germination)
Cs s kasOlid Jialer S
S Wb oo Sl Sley 0T 555l 3l e
Sy es¥ Ol 5 SRll esjal o slajdy sl
S Sl el bl A G5l
314w Gy Gy alasly () 53 457 s awloes (V) dlad
(Ranal ol 05037 OLL G Jgl 51 a4
and De Santana, 2006)
(Y dal )
CVG=(G1+G2+...+Gn)/((1xG1)+(2xG1l)+
(nxGn))
(Daily Germination Speed) 451395 (J341ga o gw
Sl buge Se wlis, Siule o
ol 03 A Al awloes () alaly 15 ol 4il3g,
MDG 5 «ljs, G4l e, DGS da,
(Maguire, 1962) cul &1, 554 Low 52
DGS=1/MDG (¥ dasl )

odii i) B 058 b ey gz 4SSl oslial
Oty Y 1 CblE Gl Sl
Ay Yoo cble « (Dissatian et al., 2018)
e g sk Dled 5o S & e S
By ekl Gl s ) b etle s
.Md)bﬁ}g‘
Vo e by sl Rl el sk
S JS gt J oo b s 5 Lo 3 Ve UL st
ST L G 5 Ssiodld aids iy Sle & o
4 OT 5 o ik 001> 5550 oy Sl
Sdglow 51 ez gl aw L el F O
S o arie glble 5 bis OT) L s
Sy 31, Kl a3 YO glos 3 (wtey s
Jsloee Kool s 0o Ske CobdE 51 ey 5 Lk
ST szl 5l gy 1 e 5 A ae 5 555 LS
22051 oy 258 Usloe b Loy ¢ o
b sde 00 L hess  sieas ()
@ oodd OIS ) Slo delS (gl cla i
9 .>\J<::5L~ a3 VYo by j3 Cele g5 Sl
Jolos 2o 55 L 5 s Jame (b o L
AU R0 w)up;‘;:mg;léb\fﬁ.uv\ulf
Yooles sl oms 4 5 sl (Y e s
Ay Sl el 19 slaoy s b ool Ksilu 4o
VP Ci0E 5 e s osls Jl plisi, cela
Sosd) di ST esjal g layds iols Cola
4oy o b gede 55 WOT araly), Jgb &
soled (Wad eslamal 3 enjale A Olgs
LS sl b cdls alsl @ljgy on)al > (slayds
:l.w)séﬁ_.ﬁui)wdﬁTjU))m@f

B CJL:[ d[i‘-i d’&i‘.ﬁ!)." o ¥ S99 c)jﬁ‘}q— )"1‘.’



\F'\ QL“..M..»U 4(:}) 9 al?;'.; Z)Ls..i 4(..&})\4;; J\.w ;Q\J.Ll @L;f sﬁuﬁaﬁ)

fA

g 524235 V0 Oode 4 Ol 5 s 1 ey L 03l
S AS S Ve & e 5 Sl A
Ll oSosilpm del a5 S V40t slas
YN0 s dsb 53 baise o5 ol 5 SLA
(Perkin EImer, e g5 xSl 31 oslizal b e 6
Voo Jols dals 5 b eslizel sylkul e
Aol s S Ve Glas lss OT s S
2 G 253 IS A8 e g Ll ) 5l 5
L BNS s b 5035 p S e

(Albalasmeh et al., 2013)

o 2 (ol gl (b3

S Y b 5T e s e
ool Jgilie 23 o 55 L i Osla 53036 5L
S b el el oS 5 I fe)
s Sen 53 oskas 5 odilu S (144 e
S 5> Col YF Sk 4y g 4 (5 1) e 3
e A 0sls 13 5 Ksle a3 YO sles
95 Sl Fren gy aads ) S w0l
3> o sy Sl Sl ekl b gy Jglome e
(Wanger, i ol zegl 00t 750 Job
(#) by I eslizal b lew 5T ldde 1979)
Sds b Hldie Adgs 3 opl g & el s
33000 MMM * Usles 5 sals s i € e
Ll Sl e b &S s D
2 ds e Gl sl iis € e Sl
el oS 50550 8
A=ebc (% dasly)

(Mean Daily Germination) 4il39 g 34195 awgie
Cs Sl g la &S &l Sl Lo g
238 s s (F) dlasly 51l &l 55 554
sl D oy olg G4l doys FGP daly ol
0235 d5b) olg S5l S 4 O, B )
(Huntr et al., 1984) ol (05037 ! >
MDG=FGP/D (F aal,)

el 4y (Ji9 el

ool I oslizal b wnalS any S35 Lasls
Loy s wealS Sis )5 el sb
SemalS w35 5 S pasls Oy el
(Hampton and Tekrony, Lus awslses (0) aal,
1995)
(O ably)

ol e Gy el = Giele depaxamalS oSas 05

4B (99 My (S g0 I
N
S5 bl wran; b (o Sle 5 Sl
Qb sy mdsS 5 esliel L baamal
A3 ealS 505 b5 sl s 6, e
C33 1) Jhoms 6515 LaalS Y s
Soa S g o T s 035 ks 035 (+/0 0 )
:\Ji:JLw a=45 Veogles b Q)T 2 Zele YF

i 6,8 oIl

U B 5l
oS /Y bl (JST A5 e b)) st

5L g s Ad O)y 5, 5 b W
4 5 odSle o Osla 55 pbai jbss OT 2 s

)‘}J\Ji:}l.wd\q-ﬁ\n Sobep 9342 Y Oe



4 S S byl Saal b Sl s A S S ealS b s sty G Shs el sl et li s e

Qb&k}&@vﬁ;lw

oo s OYY lagse Jsb 5o k5 5)5e Jglous
ot A el ey Sl Lo el
MMcm Jslee MDA CLle anlows (gl 5 (o5 50l
5 Al 5 055 i p p3lie 5 55 /100 ]

(Tirani and Haghjou, 2019) wus <1,

Wosls WET
awlie 5 bosls uboly ajes ks
5SSl lanls ki 09037 bl s SSla
S lis y (Saar om sl SAS Il
S5l b Ll sad ey 5 03lizul Miitab 515 o

A ol Excel

oy @b
I8l Sl gy

sl b 4 sl ol Wby 4 mb
Jle Sb man 5 bood Sl 5 6058
350 Sl slagatls  obssme U T
b byl sl eS8 gshe s adllas
6T Jlie 50 5 dy g o8 o il - sl
el o3 G i 53 5 Gobaime s b
o ot oGl Lops Sl 05T
a0l v gt ¢ S3al e S (G54
5 Gosd s (men Lol 15 SE Co )
S35 ol bl Kl 5 o sb blize 36
Lsls 13 30 o olsgmn ssb 4 Ty 50 4y

(Y Jads)

Ol AT UK e oxiw
(ROS)

(0 5eaST 315T IS sly (6, S o3Il shataas
e Ol 03 1y 8, sl ) oS Y I
f?g@ﬁwﬁ“&‘w/}“\f@&wjﬁbw
BLAVIFPH b ¥on e 00 e Slind il
Wiy 555 Sen 033 Jolo (San sl 5
sV gos aads Y Sde 4w 5 A
& o k8§ gyl o) Sl a3 ler sles
JEAP YR OO Ry W PR W (A PR WP Y
e @lBl 5L gl sl Jsbls O yme
7l 07z Jb 53 el Jole )8
H202 Loy Y Calides ‘_Q\AC,.EJ& J‘ A Ou\.;“}"
J-'Jnﬂl?- @L’b)abh&»\ b)\kb‘w r""')Ls‘J"
(Tirani s awbous 5 05305 5 dges,Sor
and Haghjou, 2019)

(MDA) wiT 8008l giciws
S oS Y il MDA (5 S o3l ate,
°~*:5\-3M§@c5w@:rdﬁh 28 ek L
A PH GYsn s 00) Dl 5L 2 s 55
D935 OLs o RKad 3l L oli 0355 0T & (VA
g 5> aads Yo Ol Sde by ae; ol
...L&j).é.ijsjl.w.sbi;jb@):\“513.5).5)\““
8o+ 4 TCA — TBA Jshme 2Js Ko O+
4 o bole s egpl gy e A
ax 53 4 gles 3 4i3s Yo Oode 4 okel Cewd

Ol Sds Silg s Al sl 15 sl Kl



\F'\ dl:..uU 4(:}) 9 al?;'.; Z)Ls..'l 4(..&:)\4;; J\.w ‘O‘J,’.‘ @Llf sﬁuﬁaﬁ)

Js el S5l el 5 T Jlie 36 5 50 Kol eso 50 S bl 428 - s
Table 1- Variance analysis of the effect of salinity, seed priming and their interaction on germination indicators of

indigo seedling

Slas o Sols
i ol Ol Lo e e S 6l Loy der )
- . . Sl gl
wopalS 4 sl eI eI o3 @315
Y/0q* VIYA® FOF- 57 .Yy AARZAn Y Sy
- IfE Jiian Y VAT VELYYT ¥ Siasl
S [-Y* ARTARR YAE 4 Sl it (659
VAN [+Y0 Y/aA [ OIVE Y- Uas
#IEY Uy - a/4- /8 Y/ - AU NS

ol Sl (glaals Az 0337 bl 5 Ao j30 ) cla,»J; Layles Hls gme OBl oias OLa g 5 4™ g% *

** and * indicate a significant difference between the treatments at the 1 and 5% level, respectively, based on Duncan's multiple

range test.
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Table 2- Average comparison of some germination indices of indigo seedling under seed priming under salt stress

conditions
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Different letters in each column indicate no significant difference between treatments
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Table 3- Variance analysis of the effect of salinity, seed priming and their interaction on the morphological

characteristics of indigo seedling
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Table 4- Comparison of the average morphological characteristics of indigo seedling under the seed priming and salt

stress conditions
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Different letters in each column indicate no significant difference between treatments.
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Table 5- Analysis of variance of the effect of salinity, seed priming and their interaction on the biochemical

characteristics of indigo seedling.
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test.
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Table 7- Correlation between biochemical traits of indigo seedling under seed priming and salt stress conditions
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ns, ** and * respectively indicate no significant difference and significant difference between treatments at 1 and 5% level based on

Duncan's multi-range test.
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Table 6- Comparison of the average biochemical characteristics of indigo seedling under seed priming and salt stress

conditions
L dTss e ST sd sl ol 5T IS Jghoes a3 ks
(wmol/g fw) (umol/g fw) O3Sl (umol/g fw) (mg/g fw) SbS e LIS
Viak adARe WALLE /YYe Sl i 09
ik WA/AS P AN A i OT
dals
Vi ke VFO/5Y T YA O i ¥ O oS
ViR VYFa/5 O /vy et X)) S S
Y/vP \50/05 % Ak Vink e i 9k
Vi V0y/ 5 JNF O AL Shis OT
o+mM
y/ovct Ve /Fa 0 AT /Yy e X)) g S
\Vidde 10 /559 A /YA (X)) O oS e
VAdks a7ATRE o+ apn Wisds Sl i 9ok
Ands VFA/VE SO AV e e T
. \eemM
V7 10+ /¥q%0 /A Watd X)) G oS
V90t YA/ 00 o /vg! CYAD (X)) O oS e
\TRR V50/40 % VYT Ly e st O3
\LN YVA/$4° AN Wi Shis OT
) \o+mM
I O¥/aF 0 AT DA Winde ¥ O oS e
V/FASD V4 VAY GAE Vi X)) G oS

ol u,@w,lgwqwltx odas QLA O gt o 53 Sogline (o >

Different letters in each column indicate no significant difference between treatments.
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