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Introduction

Salinity stress impairs the absorption of elements such as potassium, leads to decrease in water and minerals,
or due to an increase in Na* effects the absorption of other elements. Salinity of water and soil is one of the
obstacles to the expansion of agriculture in most part of the world. Salinity causes several physiological and
morphological changes in plants and affects growth and photosynthesis. Salinity stress also affects the absorption
of nutrients, and finally the plants sensitivity to stress increases. High concentrations of Nacl in rhizosphere
reduce the water potential and cause physiological drought stress. In addition, salinity stress can cause ion
toxicity and imbalance, which can damage the plant. Salinity stress has been shown to reduce plant biomass by
decreasing photosynthetic capacity and chlorophyll content. As stress increases, stomatal conductance and CO2
assimilation decrease, which both negatively impact photosynthesis and lead to a decrease in plant growth.
Dianthus is an annual or perennial plant that produces velvety flowers in various colors. Due to its resistance to
cold and wide range of colors, it is commonly used in landscaping. However, limited research has been
conducted on the response of Dianthus to environmental stress, making it important to investigate its behavior
under such conditions.

Material and Method

This research was conducted at greenhouse of municipality of Khomein, Iran. The statistical design was used
in the factorial experiment based on CRD. Experimental factors included salinity stress (0, 10, 20, 30, 40, 50, 60,
70, 80, 90 mM) and cultivars (Barbarin and Diana). After preparing the seeds, it is first disinfected using sodium
hypochlorite and then planted in plastic pots containing soil, sand and manure. At the end of the experiment,
morphological traits, stomatal conductance, photosynthesis rate, Na*, K* and Na*/K* was also examined. Gas
exchanges were measured using an exchange measuring device (LCA4, ADC Bioscientific,Ltd., Hoddesdon,
England). At the time of measuring gas exchanges, the temperature under chamber was 26-29 C and relative
humidity was 58-62%. (stomatal conductivity is based on mmol/m?/s and photosynthesis in pmol/m?/s). To
measure the concentration of Na* and K*, the leaf first turned to ash (at 550 C). Then 5 ml of hydrochlorid was
added to dissolve the sample and the volume of the filtered solution was reduced to 50 ml with distilled water
and the concentration of Na* and K* was measured with flame meter. In order to measure the fresh weight of
leaves and roots, plant components were separated. Fresh weight was recorded with a scale and then samples
were placed in the oven (for 48 h) and weighted again to measure dry weight. Leaf area was measured with a
leaf guuge device (A30325) and plant height and root length using a ruler. Statistical analysis of data was
performed using Mini Tab and Excel software.

Results and Discussion
Results showed that salinity stress generally affected the growth of both carnation cultivars and reduced
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vegetative and reproductive growth. According to the results obtained from the study, fresh and dry weight of
shoot, root and leaves, root length, plant height, stem diameter, diameter and number of flower, lateral shoot
number, stomatal conductance, photosynthesis rate, K* concentration in Diana and Barbarin cultivars decreased
with increasing salinity level. Na* concentration and Na*K* increased with increasing salinity and these two
traits were higher in Diana than Barbarin cultivar, which indicates lower resistance of Diana cultivar. The plant's
first response to stress is to reduce its leaf area, which reduces the supply of photosynthetic material to the
growing parts and consequently hinders growth and flowering. Salinity stress and high osmotic potential in the
rhizosphere greatly affect photosynthesis as they decrease pore conductivity. Moreover, excessive absorption of
Na+ can interfere with the absorption of other elements, thereby restricting plant growth. Potassium (K+) is an
essential inorganic molecule that plays a crucial role in increasing plant resistance to stress. It helps in
maintaining turbidity, promoting cell development, and regulating stomatal function. In this study, salinity stress
affected the growth and yield of both carnation cultivars, and with increasing stress, all morphological traits
decreased. This stress also reduce photosynthesis by reducing stomatal conductance and subsequently reduce
other growth characteristics. Growth reduction was observed at high salinity stress concentrations in both
cultivars. However, barbarin cultivar showed higher resistance than Diana.

Keywords: Leaf area, Na*/K*, NaCl, Photosynthetic rate, Sweet William



Sl pale 4 5l

https://jhs.um.ac.ir

LA

VO—/\/\.u.a NEY )L@J. Al c)l.m.i IV s

5 <o (Dianthus barbatus) &5 o35 o3 o8 Va5 5 i, sl e ls oy p

&

S~

£ . LT . " \ -
s ez =315 2l fpmadlie -7 pliia] dllde - enlB A
VFee/00/YY: g;.élg_)) @)U
s SSb ft
A KEVAY VARES J;j_-lg_c’:_)u

CXVCLS

30 Ml 2, s 2 S Sy 4 ivlesl (85,5 685 93 5 (I Yol 5 () (slapasli (90 5 i adllan jolite
9 Dl w93 13 o8 9 (V5o o e g Ar Vo So e o ¥ X Ve i) e 03 )3 s 1)IS (6598 A b plosl 1S5 A L
Colin ¢ ol 4L Slaw Bl ylad (i) (5 pdaw (S Sl g b iy 9 Sy e alsp AUl S g 5 s coimgl ol 50 S sl (UL
F ) ke Sl ()9 (5 450l (LS ol 3y (qwy paie 93l Cunnd 35 g mamsliy 9 aes polis Lo gl (lise (145,
Oy A 4«69 5 SV ggbaw 5 edmlie (e )5 i 308 pas) Sy jlow )3 68 o pdllie (e 9 Sl 05 9
e 3= 5998 S b S a8 g ol ialS 4y ot o8 93 32 50 GBS (ire b SISy olS S e g gB)) 5 g SiS g 5
A b pate CllE S ()98 (5 VL ol Lulpd 53 o 93 (pl (IR 4 e 5 ClliS Sl ke Sl G 059y ol g siegis
9 ke )15 s G381 L assliy Ao yd (NS & ote ey ey ST L g Bl 31 A e Rl BT L e )18 0,18 dlaly
55 4o Camd Slimo 35813 ()bl 08y (IS sl 3l LS Ralj3 5 masliy 4y e S ¢35 Ll )3 4Bl i GlalS” ) coled 5
D5 o dpogi yeb S g Ol b gl ;5 exlatul caa g3 oL 6 5YL Joos LY

ey 4 w2 S ¢Jiwgd (o o IS (S5 )3 05y o SIS (S0 1g

o=l 3l S @l S polie Gl puditine ok 4 (555
Gl LiblS 4 e i clale il &S Cunl puwls polie
o G385 & oS ol i3 cnl 4 5 95500 o
el M 31L s ol (Misra Sricasta tva, 2000)
P = el JUK g La 8L el o cdBy 5 Jare dls o
R e R
iy b oo oy ) K ol clo JUS 51 Jlo clyis
—Nat Lo UL gNab (el Ol lawgs aiyy 1) lae
Parida ) aas o I, 8 b cov ) polie Gl S jd L
YL clale (and Das, 2005; Tester and Venterport, 2003
sloml g S Gl Jeuily ptalS cago ady) bome 15 2

9 ($9=2 Caom D0l (prizmed D9 o Sojglgs b (S S

doddo

Pk > 85l (b glge alex 51 SB g Ol ()5

3 a9 ((Smtd i ) g 45 )by b e b
A Gl ol )3 055 i Sl GBS (5 shie 5 (ke
39 Olyoki coge i opl (Koushafar et al., 2011)
948y Caled 53 9 29 e LS > (e3dile (SjeI5)90
(Parida and Das, 2005) ua3 s 5 ;b cod | olS jiwgsd

pole 09,5 el g sl lutils «(6 35> Bilo (il oy =¥ 5TV )

Ol ol p 3 cplion ) oSty (grnbo lie g (35S 03823l (Ll

(Email: Ehteshamnia.ab@]lu.ac.ir s odinygi — )
DOI: 10.22067/jhs.2021.71942.1081


https://
https://
mailto:Ehteshamnia.ab@lu.ac.ir
http://doi.org/10.22067/jhs.2021.71942.1081

VEY Sl oyl PV lr (63,90l alivo 3 pole) (Sl pole 4y pt5 VA

4y a9 Ly .(Zheng et al., 2018) cowl ouds aojor 4o
PLE)| iils 9 J5 S5 53 g5 e 5l J5)8 olS sla (S
03 yiwS Cygiody bo gy i oo Cuoglie (peismad g Abl g oligSL
4 olS uiSly Ly Cde ok 4 Dad 0 oS o glad
il e Coganl PLs (e alen I ae (sla ji5 Laylys
olS (IS yebas Jg Cuwl ouds plosl i) (ol 43 (6350500 Olalllas
sy slopasls yiall b Jeswe ol (i 4 gl jo Jai)8
e ol b ablie 4 SIS 5 5 iy Wi gl g Aoy Jobo dlex
Voo les ) Gad 4 S sladijy) 4oye 9 Jsb 5 9 S
» (Kwon et al., 2019) ¢l ials miw )18 Voo Lo
03> (L (8)5 Sy Mael (155 88y Mz S9) 2 &5 (o}
0391 (§y5u (il 3a0 31 o olS 0 )l i mawlls g oyl e 48" A
b (LS madw A mally Comad QA5 g (1381 L
Nabati et al., ) -|,Ken 5 sls.(Veatch Blom et al., 2013)
olS jriwgid sl Shy » 5398 (5 S () yslaie 4 (2016
o dw Load 03 51 90 oS ygo 4 (oolojl LS
ol ol laie ay o s wd YY/Y 5 V< /0 DIV (550
2 =5 Jole Ol 4 (Slojew 9 0329 iz ) LedoS 0395 4w
im0 s Ll LS5 s b dslas Mol Ssly )b B
325 S8 oy S ST (60 g slasi) Colia Giiwgd ke
ORBLS Cezge (6yg-d (S O lalpSl b g (614559,
2 Lol 355 9 5 9 1559y Colan g Jiwgid (lise I gne
DAY lacdale 5 )5 L Sos daghy 005wl Lo ,d bodys
Sygd s 4 S 053,5 saalde mdw L,l5 ;Yee Lo Ver 5 VO
o yg5de Olivo (59 5 )V ge e Voo a3 9 05 Ay
U (5 po e oLS &S 000,87 5158 piomen widbhy lis ials
VL gl & S 9 03)5° Joo5 1) Voo oo B+ (559 o
Syg—d i3 Sl wyy (Heidari et al., 2018) 5,5 cuoglis |
LSLQ’L)DL“")—’)—"‘)’M)G‘“) VY 9/\s\° s)ihocb»m)b
23 i QLS g} dezme S5 (SSgl b 9 Seiglsdoge
4o P iejewd A 6598 B gdeome S5 5l cangi ol 450
s an o) by e i jewd VY e ) Lol sl o
Seid g 5 Gy LRl 8 gohw ple > & Nz e e el
Qud._golﬁfb)ﬂ.o&sm)@mu&l)a Lol a oaalive o )lus L
= g Tokaw (ibgk > .(Omidi et al., 2018) cél jials
B g oliad (608 5 A5 MBS asude b pbl L S b8, 90

M:_M:T ol_gf A (S)9— (—T )_:‘ 5 Lhuy J.)l:u pic
S5 LS 4o @y gl (Munns et al., 2006) sl o
Byl dy oo «(6y9-d CalE (Il Cusl Sy dmurg ialS
S OS5 yezmen J(Paridaand Das, 2005) seu o Sy A3
buwg ials Gl gl plaS ol )8 150 cov ol mwgd 4o,
>0 555 (Nazir et al., 2001) cowl oads (5155 - laase
9 AL Lol 18 o p908 lacliingS Lialsd
Gy 0wl 9 09800 Ol S g g Wl )d Lol Jol e
Gl oa b odalie (gy9b i baly b )0 lals o i wgid
Sl 8b (698 Loguad (gysi ]38l (Parida and Das, 2005)
st 5 (Seisdsirge (slaial$ ) (e et )8
Sgd oo by (SH5L cge g 035l 3929 4 (ALS (sla Jslo
()5 s &S sad el (Alvarez and Sanchez, 2014)
P ol o 3315 0 531y (a5 LS 53 0358 G Mg inlS
Alvarez ) cowl cglito (i Gae 5 IS @ SgS 4 Aluly
Laels Yy 5l S (Cassaniti et al., 2003; Sanchez, 2014
oS 0391 (6 Jhuwgid Cudylo 8l 4 bgyo (Jgone y5b 2 0395 Conn s
Lol 53 45 SLalS wns oo ) JdsslS ol Lials JUi> &
548l LS Lol (sitiuws (lie S (o 1) (6y9 GBS
5 oloigd sla (iiS1y sl Joe J(Garcia et al., 2018) i
Slal el Jlo ol b 133 cansMlg)IS 53 g slondpn
Saravanavel et al., ) sl o wlas jlows (6)58 (i 4y Cannns
9 Sley Colid (gyed iy S clale )38l L (2011
=t dole 93 50 oS il (el 5 anST (93 (S g doases]
Sgdio ol Byl g SalS 4y e g 039 g Stwstd i
JSse 93 b i b ablss > oalS (Zhang and Deng, 2012)
Ol ety 2alS Coamge (6o (i b b G 5l it axlge
2SS o dgdma |y iy ady e 3 Ol Lls g oas S
ol o M3 s B )bl 4 (Grattan and Grieve, 1999)
iyl b o Loy (5 Spoms Sl 5l SL olie (S5
)Hu_n ol_; A_afﬁ) u».dbl_g 90 wL@e Pl oS ‘°l-.‘.5 Ls’[w?»)
ol il pials gy ks sl e, (Taize and Zeiger, 1998)
oalawl g bl da gy ! o et dhen A 515 3929 i
5l ;2L (Dianthus barbatus) & ,8.cul polie p8)] ;|
(Zheng et al., 2018) .il . (Caryophyllaceae) Sows o i
aler 5l ogite (slacSy sl 5 osee § SosS ol g 5
©)gmody &S Cusl jo)8 g M S T g Gl i o8 oS )90
oS -yl (Hashemi Esffahani, 2000) asb so disloyix b 5,400
Voo 39 9090 guane b bad ) ) (LS o ke
2 0l GBS e oS 355 Jold Sla ol 5 o |, 555



VA )8 8y 90 5 oVold g iy b aslis (w3 ) Ked g cousld

0975 A 03 LS & LS oy dw alold & (S ya glil 4
S wsslal Jgl cagi 0 & 05 g0 ol @ gp9d G55 Jles]
e 35 o don V- Jglo b anlis gl s dnls
@S o ol 0)00 o 53 ol (pl e slacug 53 S
S B8 Sl 5 )90 ()98 haw Coled 53 9 8L 38
A LS 9 o SoSl colan ¢80l )8 blod aian
b P Laghts SB s aidl zeod (558 e plosie pslate
(s2olad jo b ay (S1LS NEC J, 8 ol 0,5 eolawl o
el o)lac EC 5 cd )5 )15 S S 31 Soguusl (golaas
5 S 9 15 (6 So3la) 5 gl 2y b Job > S
ook oV La a5 pl e dog b &S o ol ol
dtin iy Se 4 (598 O Jlasl 0d o)lo] ol b b
Laghls «SB 53 (6558 goo jl s pS k> polate 421085 &9
i sles Jlosl dlolady 5 (6ylul jlaie G L LS, 555 V=Y
heloil plail 3l ey (285 ygo Jai 350 slaclale )3 (5598
(JolS” 2a IS als g )d dBBl daws o Sy 5l (5 S A0l

A oalatwl (a5 350 Glas )y i

25498, 90 Gldo (g %0 jlunl

9 5 0i9 Jold GimgR cnl > (s 3)90 STglgd)ge lao
)#@Uy%wd)yogo)wuﬁ&ﬁi)cjﬁ&b
s5b 4 olS elial (6,8 ol can s oLzl 8olas
pyS leey cB L JUiswd (645, 3l ealawl Lo Laadi g
2 Ldd s « SLid i w8y (w05 (6 S 001
lod ) celw FA coe a9l 5 9 (gdelS claccSy
Sl b (e a9 W) )3 (ogmades 42> Ar a2
Sl 8 odlatnl JUzd udsS ) 5 S g 48l jlad (6550l
ol Bl g 4y, 5l s g 4 5 il s spSesly
c.a‘_e?)_wpbul)_mwl_wm);u«fb)lo)wlbotf
oo 9 B Dy pp g 0)5 5l S S S a5 S0l
(A30325 JJ_A) G»_wj)_s EJG—M’ oKt )‘ oalaiwl L> S).g é.bw
b (g S 03l

$lasysy culaa ¢ yaSojlail g i 938 () jae (5 580 sl
S rmSo3hsl ol 5l eslinal b (655 @¥ols cLn,gisls
(LCA4, ADC Bioscientific, Ltd., J o> =B o8 <V¥sls
$—Sojl il YL slaSy, > 4 (Hoddesdon, England
Sy oph wglS Yol 5 oS ojla il Lo o
ajs) ) 05 ST 63 o lw By x5

P Oad dn glen plil g ady) Sy SS9 5 Gjg 39 S
Rozbahani et al., ) sxdl jialsS (¢y9d Liis YU zolaw
GBS 9oy By Gid Sy 32 45 D (hingly 5 (2019
905 039 938y pRalS jogdle (5)9-d GRS &S AD jasule
L, (Cai et al 2014) 3550 35 pl5)) glis)| Linls Corge St
Codgimme Jale SO wlyy o S g O (698 &S opl 4 av g
S9=5 Oezme 9 ML Gl 5 Lo gblie (B 3 olS ol csS
adllas W] e o) lals o, Slae yialS o lgi 0
s ot lB,) 5] 13 (6968 Lanlyid )3 ol ) Sl puSic
plol 5l Gaa cplpli 0, S s KaS (g0 s byl
sbapadls § Sojsde fd58)90 sl STy () 0 ol imgh
LBl g (£)sd A5 & Cams Ji3)8 ol 15, 93 13 (5515 <Yols

Dg il ol 4 Cons el o)

W yg; g dlge

AL 3l g0 dagd 9 Gale 3T sl e

Owed ()P e (Slidos SIS )3 WAL JLo 3 lagl ol
ol BB ame Layly s i plogl (635 p0 il o il
YY ald glod (15Ske )5 Sl a0 YA diljs, slod 1Slo
oLiS (slayis 35 duo 3 FOI9Ms ud Cughoy g 0,5 Slw x>y
Jols e by e )3 9 ()l B o Wi <850 1 a5 )8
S Satadly SIS 53 (V)2 e ) 5y S 5 S ol
L (ol Sl gk arly 2 JoygiSh 90 (inlofl ()
UL Pl Joli) a3 3 o5, Jg p5S6 05 L 1,55 4
g V0 53 w28 ) L3669 G5 pgd 9STE (“n byl
g1 (Yoo Qe gAe Yo So e Fo X Xe Ve Gao Joli)
ploml 203 Ve it b )W 90 b (Sgiens Bl )dy g 5l
3k S 1o 4 40 &) e o b sl g 33
oore o L e S ¥ als yo 1 laals 50 xslS IS 55 od,
035 Sl (6598 (slalass Jlae] ¢ 2505 (6l

So9 ylasi Jlasl Gl g,
Sl 00,8 odla ] puiw 0,187 5l (690 i Jles] 4y
DYoo ie G s 1)l 1 a5 )50 lac Bl dpnle
9 i Yoo o 4 (Jgo 2 p)5 ONB) S Jgo p > ]
S 3 0ad o Kb e bl ) S5 3)50 glacdale g
2 SSL Sl slonl il 655 9-lr jslaie ay WAl ynes (52
S Cdale Ly (o )as Cygo (6990 sl)les g9 A
Bl Lajlass 3505 (5)9-0 Jlide 4o m)ds & (s 9 S5
Pk Yor) o)l Bobo 5l g (SB ©yp0h w1508



VoY 5l ) 05les VYl (55,90l @sbuo 9 pole) (ULl pole 4 pid Ar

Frde o X ¥ N Gho) ma Ve 3 (6)9- 15,986
Taw 933 08y )9S LS g i oS (Ve e Ar g Ar Y-
Py 5 osliiwl L Waooly 45555 59y (B g “opybyl” o8, Jolid)
ghw J8ls @ a9 L bjla g 0650k awlie § <5 (e 138

Wb s dao )3 O Jleis ] pdaws 43 (LSD) (4 jlaline

JB 8 Saf ol gl 90 Blio g3 835 9 (5,940 LS S
Sl as ol L Limg 5l odel cand 4 il )l 4550 ol
Oy 0)ludls Sid (g Slano sl 08y 5 )98 LIS blite
039 8l 9 20)d S a3 Bl Jlab g Sy gl o5y SiS
o3l 3TN Jadn) b )b re duopd g paws 3 Sy
olad L 15 (g Y Jgaz) S5 3l g jad sl 03, 9 098
S g 3 (V o) (il Ldolag g adyy Jsbo olS glis)|
=55 kol B35 9 085 9 6p98 5 e P IS gire do )y
O (ol )31 L g At I re Ay ) SS9 5 (s sl
Jaa) b o tme Cbo 93 ol (sl do > S e 3 (5558

0

a2 VAVS e 5 sled (g )3 J5—ogySie YO
oobwl 0g s X oD OAFY s e gby 90l S ol w
by o5 281 (63 Gl ym oK ol )
2 () Jg—o s ol s (SS9 sl Al e
Jo—egSun (bl o S wogid Copw 9 4l )3 gopo o
Sr—Solisla gl ) aye p o o (65 ST 63)

oS ju yolic cldle (g ,u806 5lual

1y olS b Ll paliy g e polie Clale (6 Sojlil (ol
O § 03,5 yiwS B & bas woealw a0 B0+ (glod 0)65 )
Jo aises U ad ol o] 4y Jloy ¥ 5008 sl 2 Lo 0
bl 218 ) malitad U 1y 0d o sladiges oo 51 L 2295
B o dy y o T L) o0 Blo Jslomo poe 5 03,5 oo
o Ly o g uly cale coleg 53 9 a8 ol il o
(William, 2000) 1 (¢ 5o}l zriwelass

sobel s
9 b (30l WolS oo oy 2 Sl pgm 4 gy
DB 1l (G0 LSS 52 53) LSS Y L 8 5 (sppd (25 )5Sl

Ji5,5 LS Suels8 90 o 1 63 5 (53905 L Jlos! 1 uilhfg 42355 -) Jgo
Table 1- ANOVA for the effect of salinity stress and cultivar on morphological traits of Sweet William
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Table 2- ANOVA for the effect of salinity stress and cultivar on Na and K concentration, gas exchanges and flower traits of
Sweet William
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Figure 1- The onteraction effect of salinity xcultivar on leaf area of Sweet William plant (LSD, p<0.05)
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Table 3- The simple effects of salinity stress and cultivar on some traits of Sweet William
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Table 4- The simple effects of salinity stress on wet and dry weight roots of Sweet William
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Figure 2- The interaction effect of salinity xcultivar on leaf fresh weight of Sweet William plant (LSD, p<0.05)
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Figure 3- The interaction effect of salinity xcultivar on leaf dry weight of Sweet William plant (LSD, p<0.05)

20
18 b

Shoot dry weight (g)

(In)f)a)l.....a‘-u._{.i:a‘- 3L

i

B

50

(Y0 ko) o595 -5

Salinity stress (mM)

Ebarbarin Hdiana

U855 oL o)l St (339 2 08 X (83900 A lite 51 € JSUS
Figure 4- The interaction effect of salinity xcultivar on shoot dry weight of Sweet William plant (LSD, p<0.05)
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Figure 5- The interaction effect of salinity xcultivar on stem diameter of Sweet William plant (LSD, p<0.05)
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