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Abstract

Introduction: Climate change has become one of the biggest environmental challenges facing the
world, disrupting the growth and development of plants. The phenomenon of dust has emerged as a
serious threat in recent years. With increasing global temperatures, decreasing rainfall, increased
evaporation and transpiration, and excessive and improper water use in many human activities, the
number of arid and semi-arid areas worldwide has increased. This phenomenon causes enormous
damage to farms, the environment, facilities, and people's lives every year, increases evaporation, and
causes drying of the upper soil layer, destruction of agricultural lands, expansion of deserts, and
pollution of surface water resources. In recent years, the ability of salicylic acid to provide a protective
effect in plants under abiotic stresses has been investigated. Salicylic acid is recognized as a promising
molecule for enhancing abiotic stress tolerance in plants, owing to its ability to improve the antioxidant
defense system and promote root development. Durum wheat is recognized as one of the most
important crops in the cereal family, with an annual global production of approximately 40 million
tons. The cultivation and planting of suitable varieties, adequate planting density, and sufficient plant
nutrition are among the recommended practices for achieving maximum grain yield and quality in
durum wheat.

Materials and Methods: An experiment was conducted in the greenhouse of llam University as a
factorial experiment in a completely randomized design with four replications to investigate the effect
of foliar spraying with salicylic acid on modulating the impact of dust on durum wheat. The
experimental factors included wheat cultivars (four genotypes), dust at five levels (control, once,
twice, three times, and four times), and salicylic acid treatment at three levels (0, 50, and 100 ppm).
Results: The results showed that the highest spike length was obtained in genotype TRI 10519 with
100 ppm salicylic acid application and three times of dust stress (9.8 cm), and the lowest was obtained
in genotype TRI 11020 with three times of dust stress and 50 ppm salicylic acid application (4.3 cm).
Based on the mean comparison results, the maximum plant height was recorded in genotype TRI
10519 treated with 50 ppm salicylic acid under three dust stress events, reaching 138 cm. Statistically,
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this treatment did not differ significantly from TRI 14231 treated with 100 ppm salicylic acid under
non-stress conditions, nor from TRI 14246 treated with 50 ppm salicylic acid under four dust
contamination events. The minimum plant height (91 cm) was observed in genotype TR1 10519 treated
with 50 ppm salicylic acid under one dust stress event. The highest relative leaf water content was
observed in genotype TRI 14231 and 100 ppm salicylic acid application and three times of dust stress
(96.3 percent), and the lowest was observed in genotype TRI 10519 without dust stress and salicylic
acid application (31.31 percent). Also, the highest amount of carotenoids was obtained in TRI 11020,
with no salicylic acid application and no dust stress (2.9 mg/g wet weight), and the lowest amount was
obtained in TRI 14231, with no dust stress and 100 ppm salicylic acid application (0.5 mg/g wet
weight).

Conclusion: The results of this study highlight the importance of balance and interaction between
genotype, salicylic acid, and environmental factors, such as dust, in regulating plant growth. In
general, and according to the results obtained from the present study, it can be said that to get the
highest internode length and flag leaf length under dust stress conditions, the TRI 14246 genotype and
the application of salicylic acid are recommended, and to obtain the highest amount of carotenoid
pigments and chlorophyll a and b under dust stress conditions, the TRI 11020 genotype and the
application of salicylic acid, as well as the highest bract length, relative leaf water content, and proline
under dust stress conditions, the TRI 14231 genotype is recommended.
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Table 4- Results of comparison of the mean interaction of genotype, salicylic acid and dust stress on morphological traits

.. Spdsb
. s e aas ! Soy Job absww Job 0,55ke Job oS eyl ¥ yie e
] Sbf g0 )5 s P USG9
Genotvoe Dust Solewadle Beard Spike Internode Plant Wet Drv weight
P Salicylic acid length length length Flag leaf height weight y welg
length
Jall Sals
15.5a-d 5.3mno 40f-q 19i-p 116j-n 0.675j-i  0.115m-t
Control Control
joyi LS dals
) 13c-i 4.8nop 41.5d-p 175l-s  1265c-h  057g-1  0.215h-j
Once pollution Control
Sl Jlgo ol
. 11.5f-k 4.50p 36j-r 160-v  112.5mno 0.515kl  0.275gef
double pollution Control
ol b aw
ol
triple 15.0a-¢  55Imn 33.5n-r 21h-m  @9Y%  0535i-] 0.385bcd
L Control
contamination
u;"ﬁn ok
el
Four times 13.5b-h 5nop qry- 21h-m parn - 0.47lm  0.435b
. Control
contaminated
QoL ol e a2 O
a-eV 5.5Imn 44 5a-| 19i-p  121.5g-m  0.56j-k  0.085p-u
Control 50 ppm
G?o,ﬂ LS ol e a2 O
- g-) 5nop 29.5r 18k-r  1135l0  0.64c-k  0.375bcd
Once pollution 50 ppm
Sogllslss plg 8-
doubl )” ’ 50 16.5ab 5nop b-nf 21h-m  1125mno 0.575g-1 0.415hc
TRI11020  doUPIe potiution ppm
TSR
) ele w0 .
triple 15.5a-d 4.3p m-ry'¥ 23d-i g-m\YY 0515kl  0.395bcd
s 50 ppm
contamination
Sl Lkx | 5
. Fle e d . . .
Four times 50 9.5-m 4.8nop n-ryy 1459-v  1175i-n  0.525i-1  05.02u
m
contaminated PP
Pl 13c-i 5nop 41.5c-0 13.5s-v  117.5i-n  0.645j-k  0.105n-u
Control
Sl gV ) )
. 16.5ab 4.50p 45.5a-j 20h-o0 1225¢g-1 0.795a  0.225ghi
Once pollution 100ppm
Sl pla )
= 1752 5.3mno 38h-r 265b-e  118g:n 052kl 0.425b
double pollution ~ 100ppm
Sl b aw
Pl .
triple 12e-k 5.3mno 41.5c-0 17.51-s  121g-m  0.54i-k  0.34cde
- 100ppm
contamination
t;dﬁﬂ ok | \
. ANCRE
Four times 145 a-f 5nop 44a-m 21.5g-1 120.5g-m 0.565g-  0.06 r-u
. 100ppm
contaminated
ol ol
b-g\f 8.5cde 35k-r 20.5h-n  1125mno 0.3356m  0.575a
Control Control
‘_ja}ﬂ LS ol
] 145af  7.3fghi 35.5j-r m-t\v  130af 0.695a-g 0.405hcd
Once pollution Control
Sl Jlgo anls
doubl )“ . c | 12.50-j 7.5fgh 37.5i-r m-tyy 97.5gr  0.605c-1  0.11n-s
TRI10519 ou/ e po ution ontro
ol b aw )
ol
triple 13.5b-h 7.5fgh h-r3.5 h-mv\ 125g-j  0.62c-k 0.135m-s
L Control
contamination
g;*’B” Lk
Jals
Four times 13c-i 8def 31par h-m¥\  1215g-m  0.545h-1  0.045t-u
Control

contaminated
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Table 4 Continued- Results of comparison of the mean interaction of genotype, salicylic acid and dust stress on morphological traits

_. Sypdeb
i e e Sl SoyJob absww Job 0,55ke Job oS eliyl 5 g e
) S g0 S 2 S (339
G Dust Sl Lo Beard Spike Internode Flag leaf Plant Wet b ioht
enotype us ag lea ry wei
P Salicylic acid  length length length g height weight ywel
length
el ol e s O
16abc 9.5ab 38.59-r 23.5¢-h 1259 0.6g-1  0.065g-u
Control 50 ppm
S el @0 _
. 11.5f-k 8.5cde 34.51-r 221 91r 0521k 0.12m-s
Once pollution 50 ppm
Sosllslss plg e ) )
. 12.5d-j 7.5fgh 37.5i-r 17m-t  121.5g-m 0.74a-d  0.21h-k
double pollution 50 ppm
ol b aw
s 0 _ _ _
triple 50 145 a-f 8.8bcd 46.5a-i 18.5j-p 138a 0.655a-k  0.165i-0
m
contamination PP
Sl b ke |
Pl 0 )
Four times 50 16abc 9.3abc 35.5j-r 20.5h-n  122.5g-1 0.515kl  0.07p-u
m
contaminated PP
TRI10519
QoL Ia' & s Voo
12.5d-j 7.5fgh 32.50-r 23d-i 122.5g-1 0.71a-f 0.055stu
Control 100ppm
Sl _
. 15a-e 9abc 51a-d 16.5n-u 137.5a 0.59j-1  0.125m-s
Once pollution 100ppm
Sogll g plg Ve h.7 5f _
. 16.5ab -l 38.5g-r 20.5h-n  117.5i-n  0.725a-e 0.355b-e
double pollution ~ 100ppm
ool )k aw
et _ _ _
triple 12.5d-j 9.8a 37i-r 17m-t 127.5b-h  0.54i-1 0.115m-s
L 100ppm
contamination
Sl b ke
i et d-8.8b i
Four times 13.5b-h —O- 38.5¢-r 25.5b-g  127.5b-h  0.54i-I  0.105n-u
. 100ppm
contaminated
ol ol
9.5j-m 79-j 48.5a-g 22.5e-j 126.5¢-h 0.56g- 0.13 m-s
Control Control
ujaﬂ LSS Jall
. 9.5j-m 6.6ijk 46.5a-i 26b-f 113.51-0 0.63c-k 0.325def
Once pollution Control
Sodll o saly
) 10i-1 7.3f-i 47a-i 27.5bcd 125g-j 0.785ab 0.165h-1
double pollution  Control
Sogl b aw
triple 11g-l 6.29-j 45a-k 23d-i 122.5¢-1 0.575g-I 0.195h-I
L Control
contamination
$a41 L
Soslb ks sals
TRI 14246 Four times Control 10.5h-1 6.5i-k 41.5¢c-0 15p-v 136.5ab 0.54i-l 0.14m-r
ontro
contaminated
10.5h-1 6.8h-k 50a-f 22.5e-j 126.5¢c-h 0.635c-k 0.125m-t
Control 50 ppm
SIS a0
’ . 6.5m 6.5i-k 37.5i-r 28ab 1040pq 0.785ab 0.245fgh
Once pollution 50 ppm
Sl oo
= 11g-l 6.3j-1 47a-i 15p-v 1215g-m  0565g-1  0.135m-s
double pollution 50 ppm
Sogl b aw
_ ol o 2 O ) iy
triple 11g-1 7.3f-i 50a-f 21.5g-1 131.5a-e 0.665i-j 0.135m-s
50 ppm

contamination
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Table 4 Continued- Results of comparison of the mean interaction of genotype, salicylic acid and dust stress on morphological traits

99,5 g Koow| 0,5k Job _ olS slay
Ge?]l)t?[ie ¥ et Beard“)IeLrj\j:h Spii(e Ie‘.rjjg!:h Internode F:;Ieafrl’e‘r{;rh We)t, \/::i’ght Dry weijhi
Dust  Salicylic acid length height
Sk ez Ao s b
Four times 50 < 9.5j-m 6.3l 53ab 23.5¢c-h 137.5a 0.61c-k 0.125m-r
contaminated ppm
aald f‘ & s Voo .
) 10i-I 7.5f-h 44 55-1 27bcd 109 n-p 0.585¢-1 0.14m-q
Control 100ppm
Saqll LSS | Voo
s e 8im 75th  5l5abc  31l5a 1050pq 0.535i-| 02h
Once pollution 100ppm
Sogll Jbgo | Voo
b - fee 126k 6.3+ 54a 20h-0 115kn 0,515kl 0.18h-n
double pollution 100ppm
£5ol b dws | Voo
& S o fes 11g 68hk  465ai 21h-m 135ahe 05151k 0.155i-0
triple contamination ~ 100ppm
Skt
Four times S 9k-m 6.3l 49a-f 21.5g- 132a-d 0.555h-1 0.115m-t
. 100ppm
contaminated
17.5a 8d-f 5la-d 20h-0 100.5par 0.625¢-k 0.14m-r
Control Control
Sl LS, aals
i 16ab 7.3fi 37i-r 160-v 115k-n 0.745abc 0.115m-t
Once pollution Control
Sogll Jgo Sl
Fodlbs . 17.5a 79+ 49.5a-f 18.5-p 120g-m 0.675¢-i 0.15ip
double pollution Control
Sogll b aws aals
] o 13.5b-h 65i-k  425c-0 13tuv 117.5i-n 0.61c-l 0.145i-q
triple contamination ~ Control
Skl
Four times 14bg 79+ 48a-h 14.50-v 129.5a-g 0.575g-1 0.16i-0
) Control
contaminated
el e )
S 145af 7.5f-h 53.5a 18.5j-p 135abc 0.605c¢-1 0.105n-u
Control 50 ppm
Soqll LSS | O
A e 16ac 68k 4250 19ip 120g-m 0,545 0.165h-i
Once pollution 50 ppm
Eag)l Lgs | O
&b - e 13c-i 73fi  405ep 15p-v 13652 0.55n-1 0.155i-0
TRI114231  double pollution 50 ppm
Sogll b du | O
& I o fee 13¢1 6kim 41dp 12v 1215gm  0635ck 0.14jr
triple contamination 50 ppm
Sl bk | B
) Fle s b-g\YY
Four times 13.5b-h 6.8h-k 41d-p 12.5uv g 0.685a-h 0.1n-u
. 50 ppm
contaminated
el e .
14b-g 7.8efg 29.5r 22.5e+ 138.5a 0.615¢-k 0.105n-u
Control 100ppm
Soqll LSS | Voo
s P fes 11g- 6km  455aj  155pv 110nop 06150k  0.135ms
Once pollution 100ppm
Eag)l Lo | Voo
Foglbs Flete 10 63kl 48h 13twv 11654 0.535i-1 0.13m-s

double pollution 100ppm
Sl baw plg o . V¥4

. L 11.5fk 79 50.5a-¢e 124 g-k 0.515k1 0.115m-s
triple contamination ~ 100ppm

Sl ez o Voo
Four times ot 145af  73fi 50af PO 1175i-n 0.545h-1 0.12}-s
. 100ppm
contaminated

N K0S b (6 sime DS s O Jleiol oy 53 LSD 05T ool o)l B9, (sl (sloySilin
Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Table 5- Results of comparison of the mean interaction of genotype, salicylic acid and dust stress on physiological traits

Ko
- e e i e (ggime .. . .
el b 908 B Sl i RIT) S g, a Judg s b Judg 5
-
Genotype Dust Salicylic RWC Proline Carotenoid Chlorophyll a Chlorophyll b
acid
68.9b-j 10.1cd 2.9a 10.8 ab 0.38 ab
Control Control
‘_jogﬂ LSS Jall
. 83.3abc 3.1ty 0.6lm 4.1 mnop 0.09 ef
Once pollution  Control
ESYES sals
. 93.8a 5.6jkIm 1.7c+j 8.2a-l 0.20 b-f
double pollution  Control
$ag)T L
ok Jall
triple 76.7a-g 11.7b 1.4d-l 6.8d-m 0.17 cdef
o Control
contamination
Sl b ks
Jall
Four times 50.4ijkl 3.3s-Xx 1.6¢c-k 7.9 b-l 0.20 b-f
. Control
contaminated
87.6ab 4.9k-p 1.4e-m 7.9 b-l 0.19 b-f
Control 50 ppm
SIS e
l 48.2jkI 8.3¢f h-m) 5.8 h-o0 0.13 ¢
Once pollution 50 ppm
Sosllslgs plg 2 0°
- 53.1ghijkl 7.7g 1.8b-h 8al 0.22 b-f
double pollution 50 ppm
TRI 11020 o
Sooll jban
) fls e 0
triple 87.5ab 2.7v-z 1.5d- 115a 0.24 b-f
L 50 ppm
contamination
t;dﬁﬂ ok | 5
. Pl @B
Four times 95.1a 3.2ty 0.9h-m 4.9 Imno 0.11 def
. 50 ppm
contaminated
73.6a-i 3.4r-x 0.5m 3.2nop 0.55a
Control 100ppm
SIS e
l 48.3jkI 4.8k-q 0.9i-m 5.7 h-o 0.17 cdef
Once pollution ~ 100ppm
Sogll g plg Ve
. 83.3abc 2.1wxyz 2.3abcd 9.6 a-e 0.29 bed
double pollution  100ppm
ol b
i Pl . ;
triple 74.9a-i 4.71-s 2.1a-f 8.7 a- 0.25 b-f
- 100ppm
contamination
g;*’B” Lk
el
Four times 87.4ab 4.4m-u 1.3e-m 54i-0 0.15 cdef
100ppm

contaminated
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Table 5 Continued- Results of comparison of the mean interaction of genotype, salicylic acid and dust stress on physiological traits

] .
e glgimo

gl L g9 G Slwadles i oo digiig )l a Judg b5 b Judg s
-
Genotype Dust Salicylic RWC Proline Carotenoid Chlorophyll a Chlorophyll b
acid
31.31 4n-v 1.3e-m 5.4i-0 0.15 cdef
Control Control
;ojﬂ LSS aals
. 51.2hijkl 3.4r-x 1h-m 5.99-0 0.17 cdef
Once pollution  Control
Sl Jlgo aals
. 78.9abcde 4.1n-v 1.3e-m 9.4 a-f 0.26 b-f
double pollution  Control
$ag) L
ol b aw ol
triple 79.2abcd 3.1ty 1.1h-m 7.1c-m 0.19 b-f
. Control
contamination
u;"ﬁn bk
ol
Four times 90.9ab 1.9yz 0.8jkIm 4.2 mnop 0.11 def
. Control
contaminated
81.8abc 10.5bcd 1.2g-m 3.1op 0.15 cdef
Control 50 ppm
u,fojﬂ LS ple 0
- 95a 7.4fghi 1.2g-m 53i-0 0.13 cdef
Once pollution 50 ppm
Sodlbgs pl g o0
doubl )” . 50 54.9e-I 2.7vwx 0.8jklm 4.1 mnop 0.09 ef
TRI 10519 ou/ e po ution ppm
TSR
) Pla 0 ) ) N
triple 68.7b-j 5.5jklmn 0.9ijkIm c-my 0.22 b-f
N 50 ppm
contamination
Sl ez | 5
. Pl 0 -
Four times 96.6a 3u-z 0.9ijklm 6 f-0 0.22 b-f
. 50 ppm
contaminated
73.3a-i 40-v 1.4e-m 7.8 b-l 0.17 cdef
Control 100ppm
SIS g Ve
’ . 83.2abc 10.7bcd 1.5d-1 10.8 ab 0.25 b-f
Once pollution ~ 100ppm
Sl b fla
- 39,6kl 3u-z 1.2f-m 5.8h-0 0.13 cdef
double pollution  100ppm
Sl b aw
el N .
triple 90.6ab 1.9u-z 0.9ijklm 52j-0 0.12 cdef
- 100ppm
contamination
t;dﬁﬂ ok
e
Four times 90.8ab 2xyz 1h-m 6 f-0 0.18 cdef
. 100ppm
contaminated
Aol dals
87ab 4.4m-u 1.1h-m 7.2c-m 0.24b-f
Control Control
$os)l LSS
Sl L ol
Once 57.4d-k 1.6xyz 1h-m 8.8a-i 0.19cdef
. Control
pollution
TRI 14246 YRR
Qals
double 54f-1 6.7ghij 1.2g-m 6.9d-m 0.2b-f
. Control
pollution
S50 L
el b aw ol
triple 80abcd 2.1xyz 1.8b-h 9.5a-e 0.22b-f
Control

contamination
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Table 5 Continued- Results of comparison of the mean interaction of genotype, salicylic acid and dust stress on physiological traits

Ko
gl L g9 G Slwadles i o Swigid g, a Judg,ls b Judg s
-
Genotype Dust Salicylic RWC Proline Carotenoid Chlorophyll a Chlorophyll b
acid
«5%9” ks
ol
Four times 90ab 4.9k-p 1.4d-1 8.1a-l 0.18cdef
. Control
contaminated
O
el 74a-i 7.5fgh 1.4e-m 7.6b-m 0.19cdef
Control
50 ppm
Sodl LSy RN
Once el 46.9jkI 3.5p-w 1h-m 5.5h-0 0.13cdef
pollution 50 ppm
Sogll g s 0
double el 86.4ab 0.5z 1.1h-m 7c-m 0.2b-f
pollution 50 ppm
Sl gl
triple el 68.9b-j 0.6z 2.6ab 9.6a-e 0.3bc
contamination 50 ppm
Sl b ez = w0
Four times el 77.8a-f 4.8k-q 2.6ab 6.2e-0 0.17cdef
contaminated 50 ppm
Voo
el 82abc 5.5jkImn 1.4e-m 8.5a-k 0.23b-f
Control
100ppm
STy e
Once el 89.6ab 4.4m-u 1.2g-m 8.2a-1 0.21b-f
pollution 100ppm
Sl ke w2
double el 95.6a 2.3wxyz 1.1h-m 6.3d-0 0.2b-f
pollution 100ppm
Sodl baw @)
triple ¢! 95.8a 3.90-v 2.1a-g 9.4a-f 0.24b-f
contamination 100ppm
Sl b ez e
Four times el 87.5ab 11.2b 1.2f-m 6.2e-0 0.21b-f
contaminated 100ppm
74.5a-h 3.1t-v 2.2a-e 9.5a-f 0.28b-e
Control Control
$o4)l LS,
ELTUBIAN sals
Once 60.8c-k 7.7fg 1.6c-k 8.3a-| 0.23b-f
. Control
pollution
L_-;"?ﬂ BT .
dals
TRI double 73.1a-i 11.7b 0.9ijklm 4.8lmno 0.13cdef
. Control
14231 pollution
$ag)1 L
SOk A aals
triple 76.3a-9 8.4ef 0.9ijkIm 4.1mnop 0.19cdef
L Control
contamination
‘;%ﬂ Lok
dals
Four times 83.3abc 6.7ghij 2.7a 7.6b-m 0.22b-f
Control

contaminated
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Table 5 Continued- Results of comparison of the mean interaction of genotype, salicylic acid and dust stress on physiological traits
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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