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ABSTRACT

Introduction: Barley (Hordeum vulgare L.) is the fourth most important cereal crop worldwide. It is considered one of the most salt-
tolerant cereal among cereals. Salinity is one of the principal abiotic stresses that significantly affects plant growth and yield. Thus, salinity
is considered a serious threat to agriculture. Aeroponics is a hydroponic system in which plant roots are suspended in the air and are
periodically watered with a nutrient-rich solution using a timer and pump to spray fertiliser. Therefore, this study aims to investigate the
effects of different levels of salinity stress and cultivar type on some morphological, physiological and biochemical traits of barley in an
aeroponic system.

Materials and methods: To investigate the effects of cultivar on morpho-physiological characteristics of barley under salt stress, an
experiment was conducted in an aeroponic system as a factorial experiment based on the completely randomised design (CRD) with six
replications. The first factor was cultivars at two levels (including Sararood and Bahman), and the second factor was salinity at four levels
(including 0, 5, 10, and 15 dS/m NaCl). First, the seeds germinated, and then the uniform seedlings were selected and placed in pots. After a
few days, seedlings were transferred to an aeroponic system. The aeroponic system was established in a growth chamber (each unit with 100
x 100 x 120 cm; depth x width x length) by controlling key environmental factors, such as temperature and photoperiod. The barley roots
were also sprayed with the Hoagland solution every 20 min for 20 sec; the nutrient solution was renewed weekly. One week after the plants
were established in the aeroponic system, treatments were applied. One month after applying salt stress, the traits of fresh and dry weight of
roots and shoots, plant height, root length and volume, photosynthetic pigments, proline content, soluble sugar content, protein, antioxidant
enzymes and K*/Na* ratio were measured.

Results: The ANOVA results revealed significant main effects and interactions of salinity stress and cultivar on several parameters,
including fresh and dry weight of roots and shoots, plant height, root length and volume, photosynthetic pigments, proline content, soluble
sugar content, protein, antioxidant enzymes, and K*/Na* ratio. As the concentration of sodium chloride increased, the amount of fresh and
dry weight of roots and shoots, plant height, root length and volume, content, protein, chlorophyll a and b and K*/Na* ratio decreased, and
the amount of proline content, soluble sugar content, catalase, and guaiacol peroxidase increased. Among the two cultivars studied, the
Sararood cultivar was more tolerant to salinity stress than the Bahman cultivar.

Conclusion: In general, the results of this study showed that salinity stress had a negative effect on most of the studied traits in both
cultivars. Based on the results of the present study, it can be stated that the Sararood cultivar was less affected by salinity stress and had a
better reaction than the Bahman cultivar. These findings also indicate that using an aeroponic system can help improve root-related studies,
and it can be concluded that the aeroponic system could be a valuable tool for initial screening of cultivars, especially for root traits.
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Table 1- Analysis of variance regarding the effects of salinity stress and cultivar on dry weight

and fresh weight of root and shoot in barley

(Mean of Squares) &la yo xSileo

s @l @olil az o lo el 5 (35 sl plal Sas (35 aday 50l adyy SIS O
S0V d.f
Shoot fresh weight Shoot dry weight Root fresh weight Root dry weight
f"é) (A) n.s n.s n.s n.s
: 1 0.011 0.0007 0.00125 0.00049
Cultivar (A)
)5 (B) 5 2.044” 0.196" 172" 0.115"
Salinity (B)
A*B 3 1.89™ 0.182" 1.91" 0.122™
Uas-
40 0.305 0.031 0.27 0.018
Error
AU T - 10.00 13.42 10.94 11.62
CV

Sl (6 I0 g gl pae 5 ao 0V Jliiml s j0 (gl giae oS 5 4 NS g e
** n.s: Significant at 1% probability levels, and non-significant, respectively
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Table 2- Analysis of variance regarding the effects of salinity stress and cultivar on plant height,

root length and root volume

(Mean of Squares) ole yo (. SKle

e gl woljl az o olS glas)l ado, Jobo ado ) e
S.0.vV d.f )
Plant height Root length Root volume
5 (A
“’s_’ * 1 0.000316"* 0.30031"¢ 0.045s
Cultivar (A)
&35 (B) 3 4.34™ 1.76" 0.865™
Salinity (B)
A*B 3 4.35" 2.076™ 0.965™
Uas
40 0.75 0.29 0.14
Error
Sl i oy - 6.97 5.82 10.02
CV

Sl (5l gime Sglas pae g a0V Jloisl mhaw 15 ()18 e o NS g s
**,n.s: Significant at 1% probability levels, and non-significant, respectively
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Table 3- Mean comparison for effects of salinity stress and cultivar on dry weight and fresh
weight of root and shoot in barley

e INEWIRVLY sleo ol 505 alee plail S (5 Aoy 5 O ady) S G
’ (IS 50) 55 ) 5
Cultivar NaCl Sho_ot fresh Sh_oot dry Ropt fresh Rc_)ot dry
(ds/m) weight (g) weight (g) weight (g) weight (g)
39l 0 6.5° 1.6 5.3¢ 1.322
Sararood 5 6.1° 1.5b 5.1¢ 1.27°
10 5.1¢ 1.2¢ 4.8d 1.2
15 4,1¢ 0.9¢ 3.9¢ 0.91¢
e 0 7.5% 1.92 6.52 1.612
Bahman 5 6.2 1.7% 6.1% 1.528
10 5.50 1.1°¢ 4.2¢ 1.05°
15 3.2¢ 0.65¢ 2.1f 0.52¢

05, 6l g ol 1) Jlotiol a3 5 ,Le] Ll 5 05 ls (ol g (y5it S 0 a5 slacn Sl
Means that have the same letters in a column are not statistically significant at the 1% probability level.

92 ol jo alo ) pxo 9 Job ol gLl 1 o8 9 Goed G Ol il (Sl dns - F Jgur
Table 4- Mean comparison for effects of salinity stress and cultivar on plant height, root length
and volume in barley

. PRIV oS glas )| adyy Jsb s ) >
" (o p omintisd) (el R O

Cultivar NaCl Plant height Root length Root volume
(ds/m) (cm) (cm) (cm?®)
89,y 0 13.7° 10.2% 4.2
Sararood 5 13.1° 10.1® 3.8¢
10 12.3¢ 9.5° 3.3
15 10.54 8.7° 3.1¢
Oode 0 15.28 11.28 5.58
Bahman 5 14.5% 9.5° 4.1°
10 10.44 8.2¢ 3.9¢
15 9.5¢ 6.5¢ 2.1¢

2185 (g lo dime wiglis 1) Jlaxal axdans y0 (ko] Blod 5l 05l polie g i ST 0 45 ola o Siles
Means that have the same letters in a column are not statistically significant at the 1% probability level.
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S il mhaw j8 iwgd ooy, 55, e

O reS 2ls b anslie )3 rage o8, azalS b L8 IS e e .
S5 S g 08y Sl Bl Jlog b sae s

Sloazals 55 59l 08, ;0 uizmed il ) lade _ . .
doyp Sy Jliol gla 3 S b ga Lds)ls

aals b awslie ;0 s50mb D ga Jdg IS s cou . .
b ga Jdsls sloime ol olis 1) sls sne oglis
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saels cplple (Moucheshi & Safari, 2023
Sogd 5 Lmlyl o g leazelS g sl
Jsloe slacnton (a5 b g sdgyues Jdoar Wlgs o
g Ashrafi :ag5 o (Rostami et al., 2020) sl
a Joe g wle 08, 90 ;0 5 (2013) Ol Sen
a GSly jo uiSgp cdale 9> olS 0 (geh S
ol e PRV CRY i b a5 cél oS 6,00

Syl Sladren axllae

J9uz) 5eSbos aunlio @l 5 Jolowe w3 (15 sl
VO Hlowd 0 Jolomo il (lie o iin aS oy oyl (Y
2 Ol 5reS 5 Gote 08y )9 NACH Sod oy oo
(opd 85 Jlesl pae) wald jles ;5 29 5 03,
Gharibvan ) 158 oL5 jo iegh zuls .ol saslie
Cge (§,5h LS a5 ol yLas (notorki et al., 2025
ol mls boas as olS ol s Jebe aid il
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GlEn 5 Sy Gl o bodgl o
slodsse ol e po o5 bl Gl el

9 odh AuSh j9Sgd A > s> boatilis

s el Jyere pobar (L35 (i
Slye zals (2021) Ken 5 Tadayonnejad
osalin (6,58 Dol Gl L pasS ol o 1) Judg 1S
O aS ol lid pasS o (6,500 aslllas ol ais S
el osls 1alS ) g yimgd oSSy Gl 590
w0 bl Glllae 3.l (Rostami et al., 2020)
5 adsls  glae (eh 5 b cod
(Sr5s 55 Ll Lod 0sdse o B Ny IS
loawdys S a5es g odd il DS o ole
Nl Sei Vb chile (izen gdis Sre
Frw Sqzr polie (pl &5 0ad e 9 (59 i
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(Kumar et al., 2007) 545 o (5 3ou!
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G O adaly 090 0950 08, 51 i e o,
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(Miri Kondori et al., 2014) ¢l Uil 8,50 (5,9
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Table 5- Analysis of variance regarding the effects of salinity stress and cultivar on chlorophyll
a and b, soluble sugar and protein in barley

(Mean of Squares ) ol ye (uSiles

s @l @il az o a Judg 5 b Jds 5 Jolome 23 o9
S.0vV d.f )
Chlorophyll a Chlorophyll b Soluble sugar Protein
”3) (A) n.s n.s n.s n.s
: 1 0.000125 0.0075 0.405 0.000197
Cultivar (A)
&% (B) 3 0.022™ 0.025™ 2.37" 0.371™
Salinity (B)
A*B 3 0.021* 0.028™ 2.34™ 0.377™
Uas-
40 0.0036 0.0037 0.36 0.057
Error
Oy g - 13.1 8.75 19.7 11.12
CV

Sl (6 Io g gl pae 5 ao 0V Jliiml s j0 (gl g oS 5 4 NS g e
** n.s: Significant at 1% probability levels, and non-significant, respectively



£ SO-FUMFAFF M s 5 655550 /Ko 5 g3

S § (59 3 ¢ Sl 1 BT (Lo 3T 31 08 9 (690 iod Ol b dad po il ylg 4 joxd —F Jgu
92 oL 50 pyow a4y ey

Table 6- Analysis of variance regarding the effects of salinity stress and cultivar on antioxidant
enzymes, proline and K*/Na* ratio in barley

(Mean of Squares) ole o (. SKile

e gl @il az o Yl STy JsSLIS oo S
S.0vV d.f ) ) ) )
Catalase Guaiacol peroxidase Proline K*/Na* ratio
f“é) (A) ns ns ns n.s
: 1 0.00011 0.00031 0.000012 0.0024
Cultivar (A)
& 5% (B) 3 0.0022™ 0.0024™ 0.0036™ 0.128™
Salinity (B)
A*B 3 0.0019™ 0.0023" 0.0048™ 0.12"
Uas
40 0.0003 0.0003 0.001 0.021
Error
K JOU DA - 18.07 17.26 7.33 13.29
CcV

Sl (6 I g gl pae 5 ao 0V Jliiml s j0 (gl giae oS 5 4 NS g e
** n.s: Significant at 1% probability levels, and non-significant, respectively

92 ol 50 Jolmo w3 g (1S9 p b g Judg,dS 1 0d) 9 (5i9 i Ol (uSleo A lio- Y Jgu
Table 7- Mean comparison for effects of salinity stress and cultivar on chlorophyll a and b,
soluble sugar and protein in barley

a by ks b Jdg,ls Jolome 08 R

. o S,18 _ _ L _
) . . P eSS e peS) S neSd) P52 S
(e 2 oo j o) L ; L ;
5 0ds 5 ods 5 ois o
Cultivar NaCl Chlorophyll a Chlorophyll b Soluble sugar Protein
(ds/m) (mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW)

39l 0 0.56° 0.842 1.4° 2.7
Sararood 5 0.51¢ 0.822 1.8° 2.1¢
10 0.49¢ 0.79° 3.2¢ 2.0¢
15 0.31¢ 0.614 4.1b 1.8¢
ot 0 0.692 0.852 1.7¢ 3.18
Bahman 5 0.53bc 0.73¢ 2.3d 2.50
10 0.414 0.644 4.5b 1.9¢
15 0.22f 0.35¢ 5.62 1.14

W15 (g lo cime wiglis 1) Jlazxal gxdans j0 (Lol Blod 51 a5l olie g i ST 0 &5 ola o Siles
Means that have the same letters in a column are not statistically significant at the 1% probability level.
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Table 8- Mean comparison for effects of salinity stress and cultivar on antioxidant enzymes,
proline and K*/Na* ratio in barley

_ _ Lo
. e 2,15 £S5 paxly) VB STy JsSLE Ol e
) A . A _ 3 _ _ PURWIPY
(o g o j s0) (S92 (S5 p 5 poxle) (5 0395 2 psS e
. NaCl Catalase (u/ g Guaiacol peroxidase . Nt
Cultivar (ds/m) protein ) (ul g protein) Proline (mg/g FW) K*/Na* ratio
39l 0 0.044 0.05f 0.9¢ 1.3°
Sararood 5 0.08¢ 0.07¢ 1.1% 1.2¢
10 0.12° 0.12¢ 1.3¢ 1.02¢
15 0.162 0.15° 1.5¢ 0.7d
e 0 0.05¢ 0.07d 1.2¢ 1.6%
Bahman 5 0.07¢ 0.09d 1.5¢ 1.40
10 0.11° 0.14° 1.8° 0.9¢
15 0.152 0.192 2.28 0.64

2105 (gl e wiglis 1) Jlazal gxdans jo (s Lol Blod 1 w5l polie gy i ST 0 45 oo Silee
Means that have the same letters in a column are not statistically significant at the 1% probability level.
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