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Background and Objectives: Investigations have shown that heavy metal
pollution in fields has caused tension and reduced yield. This issue has
caused concern about the risk of consuming contaminated food for human
health. Lead and zinc (in high concentration) are toxic metals for plants,
which are easily absorbed by the plant's root system. As a result, they cause
damage to plant growth and development and prevent enzyme activity. In
areas contaminated with heavy metals stress, the absorption of such metals
by the plant not only reduces the yield of the plant but also affects its
quality and nutrition. The role of plant regulators in heavy metal stress
conditions for adaptation and improvement of plant growth has been
considered in recent years. Salicylic acid has dual effects depending on the
concentration, time, and plant used, but in appropriate concentrations, it
reduces the effects of stress in plants. The corn plant, which is
economically important with the high production potential of fodder and
the high nutritional quality of its seeds, with the absorption of such metals,
in addition to disrupting the development and growth of the plant, its yield
and nutritional quality decrease. To evaluate the effect of concentration and
different methods of application of salicylic acid hormone on the growth,
photosynthesis, and anatomical and physiological characteristics of corn
plants under the stress of zinc and lead metals and also the possibility of
reducing the risk of toxicity of these elements, an experiment was
conducted in a greenhouse.

Materials and Methods: The effect of salicylic acid hormone application
on corn plants under heavy metals stress was investigated. The experiment
was carried out in pots in a perlite (hydroponic) cultivation bed with the
stress of lead and zinc metals and then salicylic acid treatment with
different concentrations and two methods of foliar spraying and prime seed
in the form of random and factorial complete blocks design were applied.
The concentration of metals included: two concentrations of lead (0 and
250 mM) from a lead nitrate source and zinc element (0 and 2500 mM)
from a zinc sulfate source. Salicylic acid treatment was carried out by two
methods of foliar spraying and seed prime in concentrations of zero
(distilled water), 750, and 1500 micromolar salicylic acid, and a group of
seeds without stress, and no treatment was carried out as a control. The
measured traits include morphological traits (height, plant temperature,
difference between ambient temperature and leaf and leaf yield ratio) and
physiological traits (membrane stability index, chlorophyll fluorescence,
proline, amount of soluble sugars, carotenoid, protein, and some enzymes)
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as well as the absorption rate of lead and zinc metals in the root tissue and
aerial part of the plant. The experiment was carried out under hydroponic
cultivation conditions. The obtained results were statistically analyzed
using SPSS statistical software. The comparison of average data was also
done with SPSS software and Duncan's test. Excel 2003 software was used
to draw the tables.

Results: Traits such as leaf temperature, the temperature difference
between leaf and environment (up to 15%) and physiological traits such as
proline (more than 100%), amount of soluble sugars, carotenoid, protein
(30%), and some enzymes increased and some Other traits such as height,
leafing ratio, membrane stability index, chlorophyll fluorescence decreased
compared to the control. Comparing the method of applying salicylic acid
showed that in stress-free conditions, seed priming had better results on the
measured traits. However, the application of foliar spraying under lead and
zinc stress by reducing the absorption of heavy elements by the root system
improved plant functions and reduced the effects of stress.

Conclusion: Salicylic acid activates the defense system of plants by
synthesizing several proteins and increasing proline osmolytes and soluble
sugars and enzymatic and non-enzymatic antioxidants such as carotenoids.
As a result of reducing the oxidative stress and protecting the chloroplast
membrane and the photosynthetic apparatus, the photosynthetic production
is improved, as a result, the height and the leafing ratio increased. Salicylic
acid also prevented the absorption of heavy metals by the root system of
the plant and its transfer to the aerial part of the plant, which reduced the
signs of stress in the aerial part of the plant. By applying salicylic acid,
some properties were improved by reducing the effects of stress. The
application of foliar spraying improved the physiological and
morphological traits during plant growth and performed better than the
prime seed method. As a result, under the stress conditions of lead and zinc
metals, the plant can tolerate the stress of these two metals by foliar
spraying treatment.
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Table 1. Analyze of variance the effects of SA on corn plant under heavy metals stress.

Mean Squared <las o Sile

slas M 6%1 o

ok il ko Spgls P . ‘. Sl e
L) b 5 S Degrees of
s ks S Leaf Leaf c freedom so.v
= T Production Height Canopy
EC FV/IFM emperature Rate Temperature
Depression
17.231™  0.00113"™ 0.688"™ 0.0001 ™ 11.85™ 0.027 ™ 2 Rep ,I 5
23.068™  0.0366 " 6.4272" 0.0232" 82.55 " 21747 1 Zn s,
1187.79™  0.0711 7 125797 0.0242" 17516 2178 1 Pb
882157  0.06412" 9.0706 ™~ 0.1149 ™ 83.83 " 1.854 ™ 6 SA Ll Sl
359.90 " 0.003686™  18.8104 0.0202 " 1.651™ 1.0437 1 Znx Pb
14935  0.00663" 3.4909 0.0143 ™ 81.755 " 1585 6 Znx SA
305.835 "  0.0208 2.4772° 0.0364 ™ 102.021" 11117 6 Pb x SA
1114117 0.0111 7 2.809 7 0.0102 " 46.899 0.464 " 6 Zn x Pb x SA
22.672 0.002 0.847 0.002 8.623 213 34 Error U

Zn= Zinc, Pb= Lead, SA= Salycilic Acid; *, ** and ns: Significance at 5% and 1% of probability levels and non-significant,
respectively

=\ Jad> aalsl

Continue Table 1.
Mean Squared la o Sle

Sl S bl
L las Beadion
555,18 SS 5 2 S SYels Fofon s RAE Degrees of &
. . I Total Water Soluble . freed SOV
Carotenoid  Peroxidase Catalase - Proline eedom
Ascorbate Protein Carbohydrates
Peroxidase
0.0033 "™ 0.5896 "™  0.000931"™ 0.00705™  0.1077 "™ 0.00030 " 0.00003 ™ 2 Rep I &
0.344™ 0.7145™  0.013127  0.02085"  0.64726 " 6.6655 ™ 0.0008 ™ 1 Zn s,
1.238" 10.04262"  0.00034™  0.00027"™  3.933 " 0.00006 ™ 0.00089 ™ 1 Pb
N o o . . - - Aol eIl
0.563 2.16809 0.0755 0.0110 0.292479 0.002707 0.00506 6 TR
SA
0.598 ™ 10.8193™  0.0166 "  0.0100"  0.28525"™ 0.000299 * 0.00052 ™ 1 Znx Pb
0721" 44820  0.01389"  0.0076 " 0.20874™  0.000597 ©  0.000510" 6 Zn x SA
0.175™ 46539  0.02540"  0.0077" 0.35294 " 0.002300 ™ 0.00111 " 6 Pb x SA
0.209 ™ 1.60351°  0.00862"  0.00614"  0.29107 0.000204 " 0.00026 ™ 6 Zn x Pb x SA
0.212 0.553 0.000496 0.003 0.130 0.000082 0.000032 34 Error Ua>

Zn= Zinc, Pb= Lead, SA= Salycilic Acid; *, ** and ns: Significance at 5% and 1% of probability levels and non-significant,
respectively
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Table 2. Analyze of variance the effects of SA on corn plant under heavy metals stress.

Mean Squared <las o Sile

@l e

) s S L5SB e e cble Degrees of oo lans
.. . . c .. . S.0.V
@l “ha) o e dimh S s R freedom
AFS Pb AFR Pb TFPb Shoot Pb Root Pb
0.00006222 ™ 0.305™ 0.429™ 3.888 ™ 0.708 ™ 2 Rep 1,55
0.007 " 0.08235 50.504 4365317 524117 1 Pb
0.00002099 ™ 0.70284 ™ 3.189 " 1.312" 15577 " 6 SA sewl Shedle
0.00006763 ™ 1.803 ™ 13397 4221 6.515 " 1 Znx Pb
0.00002099 ™ 0.9247 3.189 " 13127 15577 6 Pb x SA
0.00004204 ™ 0.407™ 1.055 " 2628 221627 6 Zn x Pb x SA
0.0000032 0.000001407 0.147 0.199 0.088 34 Error U=

Zn= Zinc, Pb= Lead, SA= Salycilic Acid; *,** and ns: Significance at 5% and 1% of probability levels and non-significant,
respectively

-y J".\.? aslsl
Continue Table 2.
Mean Squared la o Sle

@35l a3 e
G0 G oS Sy ety pexd JISL s g, <l $oo bl taalic
Degrees of SOV
sl S ks, S oS olse ) freedom e
AFS Zn AFR Zn TF Zn Shoot Zn Root Zn
0.0062784 ™ 0.00661 ™ 0.82972 "™ 301.464 ™ 123.788 ™ 2 Rep I S
0.002" 0.025 " 0.0291 ™ 37749229 168035493 1 Pb o
0.9308 ™ 0.05" 01357 835.594 9033.63 6 SA sl Shdle
0.00008974 ™ 0.0003078 ™ 1.18™ 560.893 0.99361 " 1 Zn x Pb
0.004816 ™ 0.0021 ™ 0.063 ™ 994.701 ™ 6076.726 ™ 6 Pb x SA
0.00003131 ™ 0.3402" 0.023™ 195.664 ™ 905.937 6 Zn x Pb x SA
0.009584 0.0001425 0.00242 5.435 4.9341 34 Error >

Zn= Zinc, Pb= Lead, SA= Salycilic Acid; *, ** and ns: Significance at 5% and 1% of probability levels and non-significant,
respectively
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Table 3. Mean comparison of the effects of SA on corn plant under heavy metals stress.
Les g lub

Membrane oo S bes P 2 o e g gles B Sl < S
stability, EC S T o) Ilieaf Production  Height e~ 5 Sy el Pb Zn
D) EV/EM ate (leaf day™) (cm) CTD (°C) SA (um) (ppm) (ppm)
83,66 0.81% 33.3%" 0.815% 50.25% -4.87"k DS 0 0
92 0.802f 31.35%M" 0.815® 42c0ef0 -3.620c0f PW 0 0
§1%f 0.85"° 32.33"0f 0.75% 43%f0 -3.g7cefn SW 0 0
935° 0.90° 30.6™" 0.79%* 43,1671 -4 defoni PSA750 0 0
755" 0.79°cf0 32.1°kfo 0.815® 39f" -4, 50Nk PSA1500 0 0
7gefon 0.76%%f" 32,40kl 0.77%¢ 43.83%%f0 -4.87"k SSAT750 0 0
g3vedel 0.82% 30.8"" 0.75% 40.5°" 5.37% SSA1500 0 0
53' 0.52! 33.75% 0.37° 30.33' -3.08% DS 250 0
65" 0.84% 30.75%" 0.80® 39f" -3.25°%¢ PW 250 0
81.33%f0 0.75%f" 30.2" 0.75%¢ 52.5° -3.75%1 SW 250 0
77°0 0.7 31 5N 0.65% 34.4" -4 defoni PSA750 250 0
57 0.82% 32, 7% 0.801* 42 571 -3.4%c PSA1500 250 0
78.33%f" 0.89° 31,65 0.815% 38.25%" -5.12k SSAT750 250 0
81%%f0 0.77¢cf 31.15%f" 0.813® 43,2571 -4t SSA1500 250 0
60.33 0.62' 30.91%f" 0.48 38.16%" -3.75%f0 DS 0 2500
88.33%¢ 078"t 28 0.801% 48 5k PW 0 2500
84,33%cdel 0.85"° 29.43 0.63° 410 -2.62% SW 0 2500
83,66 0.72°%" 31.23%fn 0.78%* 46,75 -25° PSAT750 0 2500
554 0.84% 28.8% 0.801% 52.75° -4,621Mik PSA1500 0 2500
g3pedef 0.87% 31,755 0.77% 47.75% -4, 251N SSAT750 0 2500
91%¢ 0.82% 32,05°0fn 0.73% 45 5" -3.91%fon SSA1500 0 2500
52' 0.46' 34.25° 0.34° 29.33' -2.66® DS 250 2500
63" 0.69" 31,550 0.78% 43%f0 -3.g7cdefan PW 250 2500
89" 0.7 31.25%foN 0.73% 44 5"f -2.83%¢ SW 250 2500
70" 0.807% 32,65 0.79® 40,75 -4 defghi PSAT750 250 2500
71.5% 0.77¢%fon 31,3%f" 0.78% 41,5%%f0 -4, 755k PSA1500 250 2500
86,5 0.81%c® 32.72% 0.82° 52.25° -3.75%f SSAT750 250 2500
o 0.70%" 30.83°9" 0.71% 43,75"f 3 gycdefon SSA1500 250 2500

DS, Dry seed; PSA750, Priming seed with 750 uM SA; PSA1500, Priming seed with 1500 uM SA; PW, Priming seed with
distilled water; SSA750, Spraying with 750 uM SA; SSA1500, Spraying with 1500 uM SA; SW, Spraying with distilled
water, letters; indicate differences between treatments
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Continue Table 3.

Sl i
JJ?”.SJJJT JJ:MSJ}J“’ C;tibl:se JS Jﬁ“ﬁf“ -*:5‘55)5 6"&'&3 wj}ﬁ Wb e S
Procmdas_? Ascorbat (um Total Carotenoid J sl Proline Lol Pb 7n
(mTGm™  procxidase  p,0,m PO g grfw?)  WSC (pm SA (pm)  (ppm)
mgP”) %T%‘EE mgpl)  (MIgriw) (mggrfw?) W) (um)
3.32%M 0.1248% 0.020° 2.20%fh 1.58%%f 0.1030%%  0.0506° DS 0 0
5.14°%cd 0.216° 0.039° 1.668" 1.2¢f 0.115*®  0.0526% PW 0 0
4,05%" 0.332% 0.0723" 2.046%%" 1,730 0.1149¢  0.0506° SwW 0 0
3,790 0.1184%9 0.0416" 1.824%" 1.16' 0.1126*®  0.0515° PSA750 0 0
4,617 0.0494" 0.078° 255700 2.16 0.1095%  0.0503° PSA1500 0 0
6.285° 0.133° 0.103° 1.859"" 1.57%f 0.1072%"  0.0492°  SSAT750 0 0
351N 0.0855"" 0.111° 2.368"f" 2,280 0.1062°"  0.050° SSA1500 0 0
5,020 0.362* 0.0485° 3.0239%° 1.55%f 0.1623" 0.127° DS 250 0
5.20abcde 0.1405° 0.0555°  2.7486%* 2.21% 0.10802%  0.0496° PW 250 0
4,gccet 0.023' 0.0594°  2.535%cf 2.26™ 0.1056™%  0.0533" SW 250 0
3.08" 0.0595" 0.0452°  2.39g"%" 1,780 0.0866%"  0.0526® PSA750 250 0
5,130 0.0515" 0.0895°  2.8331™ 2,00 0.1018%  0.0495° PSA1500 250 0
4,35 0.0712%" 0.33° 2.7879% 2,030 0.0735'  0.0533 SSA750 250 0
3.19%" 0.087"" 0.040° 2,400t 2.41% 01133 0.0527* SSA1500 250 0
3.3g%" 0.276° 0.03" 2.626%f 1.56%%f 0.1294° 0.112° DS 0 2500
4,1300fo 0.0610" 0.028" 2,644 1.64%%f 0.0792'  0.0529% PW 0 2500
4,22¢0fh 0.0815™" 0.0297°  2.7237% 1.48% 0.1035®%  0.055% SW 0 2500
5,37 0.042" 0.052" 2.163%f" 2.62° 0.1064™"  0.0512°  PSAT750 0 2500
5.61%" 0.060" 0.131° 1.840%" 2,11 0.0990°%"  0.0631° PSA1500 0 2500
6.08% 0.039" 0.0647°  2.279"%" 1.730ccef 0.121¢ 0.0514°  SSAT750 0 2500
5.63%" 0.0715%" 0.066" 2.50g%ccefo 2.36™ 0.1034%%  0.052°  SSA1500 0 2500
4,16 0.4371° 0.0729° 3.228° 1.36% 0.185° 0.136° DS 250 2500
2.18" 0.0634" 0.035" 2.8808%¢ 1.6 0.1115°  0.049° PW 250 2500
524700 0.0851"" 0.0297° 22747 2,15 0.0883%"  0.0543% SW 250 2500
3.15%" 0.0446" 0.025" 2.9261% 2.55% 0.1074™"  0.0512° PSA750 250 2500
1.601' 0.0641" 0.0288° 3.0533* 2.32% 0.1007°  0.0523® PSA1500 250 2500
3.gfen 0.0715%" 0.0538°  2.557%f 1.65%f 0.0822"  0.0535® SSA750 250 2500
4, 30fn 0.044" 0.0163° 2.214%fh 2,15 0.1093%  0.0515° SSA1500 250 2500

DS, Dry seed; PSA750, Priming seed with 750 uM SA; PSA1500, Priming seed with 1500 uM SA; PW, Priming seed with
distilled water; SSA750, Spraying with 750 uM SA; SSA1500, Spraying with 1500 uM SA; SW, Spraying with distilled
water, letters; indicate differences between treatments
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