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Abstract

To study the effects of salicylic acid and kinetin on some physiological and biochemical traits as well
as the accumulation of cadmium in durum wheat, a pot experiment was carried out using a factorial
experiment based on a randomized complete block design with three replications during the 2022-
2023 growing season. Cadmium treatments (0 and 20 mg Cd kg? soil (CdCl;)) and different
concentrations of kinetin and salicylic acid (0, 50, and 75 puM, kinetin; and 200 and 400 uM, salicylic
acid) were assigned in plots. Cadmium treatment significantly reduced stomatal conductance,
photosynthesis, transpiration, chlorophyll index, and catalase activity. However, it increased ascorbate
peroxidase activity, malondialdehyde concentration, electrolyte leakage, soluble carbohydrate content,
and cadmium accumulation in root and flag leaf. Foliar application of kinetin and salicylic acid
mitigated the adverse effects caused by cadmium stress on physiological and biochemical parameters
significantly when root and flag leaf cadmium concentrations decreased compared to the cadmium
treatment. Catalase and ascorbate peroxidase activity increased in response to salicylic acid and
kinetin treatment. Hence, a decrease in lipid peroxidation and malondialdehyde concentrations was
observed. The optimum hormone concentrations needed to exhibit a considerable increase in studied
traits were 50 uM and 400 uM salicylic acid, particularly in cadmium treatments. Foliar application of
kinetin alleviated symptoms of the cadmium treatments by enhancing the activities of antioxidant
enzymes and photosynthetic properties compared with individual cadmium treatments. Overall, these
findings showed that foliar application of kinetin and salicylic acid can be considered a strategy to
enhance the performance of wheat cultivars in soil contaminated with cadmium.
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Introduction

Cadmium contamination of soil and food crops is one of the most serious environmental problems in recent
years, and it has resulted from industrialization, wastewater irrigation, and extensive agricultural systems.
High concentrations of cadmium in the soil can potentially threaten human health because it can be easily
absorbed and accumulated in different parts of crops such as the root, stem, leaf, and grain. Finally, it can
enter the food chain and enter the human body. Plants respond to the presence of cadmium in the soil.
Cadmium influences morphological, physiological, biochemical, and structural processes and inhibits plant
growth and crop production. Cadmium toxicity severely reduces the growth and yield traits of plants.
Cadmium toxicity is caused by changes in the concentration of nutrients in roots and leaves, the formation of
reactive oxygen species, and a decrease in transpiration, photosynthesis rate, and chlorophyll concentration,
which subsequently reduces crop productivity. Plant hormones, including salicylic acid and kinetin, are
crucial in responding to cadmium toxicity. Exogenous treatment with salicylic acid and kinetin alleviates the
effects of cadmium toxicity in plants exposed to cadmium. This study aimed to explore optimum hormone
concentrations in enhancing cadmium tolerance at wheat plants' physiological and biochemical levels.

Materials and Methods

To study the effects of salicylic acid and kinetin on some physiological and biochemical traits as well as the
accumulation of cadmium in roots and leaves of durum wheat, a pot experiment was carried out using a
factorial experiment based on a randomized complete block design with three replications during the 2022-
2023 growing season. Cadmium treatments (0 and 20 mg Cd kg soil (CdCl.)) and different concentrations
of kinetin and salicylic acid (0, 50, and 75 uM, kinetin; and 200 and 400 puM, salicylic acid) were assigned in
plots. The study site was located at the research farm of Shahid Chamran University of Ahvaz, Iran. At first,
the soil needed for the experiment was weighed. The content of Cd?" (mg kg?) in the soil was calculated
according to the dry weight of the soil, and CdCl. was sprayed close to the soil surface in the form of the
solution. Cadmium was thoroughly mixed with the soil placed into each pot. Hormonal treatments were
applied at the beginning of stem elongation (stage 33 of the BBCH scale). The plants were grown under
natural environmental conditions. Plants were watered with sufficient water until the end of the experiment.
The data regarding stomatal conductance, photosynthesis rate, transpiration, chlorophyll index, catalase and
ascorbate peroxidase activity, malondialdehyde concentration, soluble carbohydrate content, and cadmium
accumulation in roots and flag leaf was recorded. The transfer factor was computed as the ratio of the
cadmium concentration in leaves and roots.

Results and Discussion

The results showed a significant difference among cadmium treatments regarding the most studied traits.
Cadmium treatment significantly reduced stomatal conductance, photosynthesis, transpiration, chlorophyll
index, and catalase activity. However, it increased ascorbate peroxidase activity, malondialdehyde
concentration, electrolyte leakage, soluble carbohydrate content, and cadmium accumulation in root and flag
leaf. Foliar application of kinetin and salicylic acid mitigated the adverse effects caused by cadmium stress
on physiological and biochemical parameters significantly when root and flag leaf cadmium concentrations
decreased compared to the cadmium treatment. Cadmium caused a significant increase in flag leaf cadmium
concentrations by 31 times compared to control, while the increase in flag leaf cadmium concentrations at 50
and 75 uM, kinetin; and 200 and 400 puM, salicylic acid treatments were by 18, 19, 17 and 20 times,
respectively, when compared to cadmium-deficient plants. Catalase and ascorbate peroxidase activity
increased in response to salicylic acid and kinetin treatment. Hence, a decrease in lipid peroxidation and
malondialdehyde concentrations was observed. Hormonal treatments of 50 and 75 uM, kinetin, and 200 and
400 uM, salicylic acid reduced transfer factor by 21, 24, 24 and 27 %, respectively, compared to hormone-
deficient plants.

Conclusion

Overall, the results of this experiment showed that the optimum hormone concentrations needed to exhibit a
considerable increase in studied traits were 50 uM Kkinetin and 400 uM salicylic acid; remarkably, in
cadmium treatments, foliar application of kinetin and salicylic acid alleviated symptoms of the cadmium
treatments by enhancing the activity of antioxidant enzymes and photosynthetic properties compared with
individual cadmium treatment. Moreover, foliar application of kinetin and salicylic acid can be considered a
strategy to enhance the performance of wheat cultivars in soil contaminated with cadmium.
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Table 2- Mean squares of effects of salicylic acid and kinetin on physiological, biochemical traits and the accumulation of cadmium in durum wheat

Means of squares (MS)
Stomatal Photosynthetic I Chlorophyll  Catalase Asco'rbat Malondialdehyde Carbohydrate Root cadmium Leaf cadmium  Transfer
S.0.V. Df Transpiration - - peroxidase . . - -

conductance rate index activity T ty concentration concentration ~ concentrations concentrations  factor
Block 2 8708 ™ 0.977™ 1.05™ 115™ 1076  0.0002"™ 0.0012" 21" 195" 114" 0.014™
Cadmium levels (A) 1 1360218™ 15.55™ 281" 2265™ 49694 0.200™ 0.118™ 5410™ 19441™ 1298™ 0.0006"
Hormone levels (B) 4 1697 0.34" 18.17 141 1978™ 0.018™ 0.012™ 150™ 3527 20.4™ 0.0074"
AxB 4 2971™ 0.15™ 0.39™ 20.76™ 1013™ 0.0044™ 0.0053" 6.3 28.6™ 17.6™ 0.0019™

Eab 18 3771 0.082 0.45 11.86 8.7 0.00079 0.0012 7.24 7.24 0.49 0.0029

C.V (%) - 14.46 12.88 5.98 8.58 4.22 3.57 14.83 3.47 10.03 10.09 20.73

ns: not significant; *and ** significant at 5% and 1% probability levels, respectively
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Table 3- Mean comparison for physiological and biochemical traits of durum wheat under different levels of cadmium and hormone

Stomatal Photosynthetic T A Chlorophyll ~ Carbohydrate ~ Transfer
ranspiration - .
Treatments conductance rate index concentration factor
mmol m2, s pmol m2, s pmol m2, s - mg gl DW -
Cadmium levels
Control 6342 14.32% 2952 48.8° 65.5° 0272
20 mg kg* 212° 8.192 151° 31.43° 9232 0.26°
Hormone levels
Control 394° 8.7¢ 1.9° 33.9¢ 729°¢ 0.332
50 uM Kinetin 425 11.0°¢ 222 39.8° 76.2% 0.26°
75 uM Kinetin 474% 1342 252 46.1° 79.1° 0.25°
200 uM Salicylic acid 4322 12.2° 2.3 37.3« 80.1° 0.25°
400 pM Salicylic acid 398° 11.0°¢ 222 435 86.32 0.24°

A ls e Ao 3 0 JL.;.:;»lcE.d): OS> 3 ga 3T Jow s ole3T 5 5Sb a5 Cdeo p (sl &S i (o > syl L;Lad_fgL:ﬁxe
Means followed by the same letters for each trait and each experimental factor using Dunkan test at 5% probability level did not differ significantly
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Figure 1- Mean comparison for catalase activity of durum wheat under different cadmium levels and foliar application of salicylic

acid and kinetin hormones. Values are the mean of three replicates. Different letters represent significant difference using Dunkan
test at 5% probability level.
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Figure 2- Mean comparison for ascorbate peroxidase activity of durum wheat under different cadmium levels and foliar application

of salicylic acid and kinetin hormones. Values are the mean of three replicates. Different letters represent significant difference using
Dunkan test at 5% probability level.
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Figure 3- Mean comparison for malondealdehyde content of durum wheat under different cadmium levels and foliar application of

salicylic acid and kinetin hormones. Values are the mean of three replicates. Different letters represent significant difference using
Dunkan test at 5% probability level.

Cd b o i L Al Sl S Cul ol

M8 BT s 015 VL 4 e GlnST| ST
A Dl LS o oy (LS Ll
Ly daddT (65 0 JLe Ol ol 53 5 3580 551S]
Zulfigar ) das oo 28l p gl 205 ot OLLS s

etal., 2024

O gl eS| gy Ol e L5l QLIS 2 g% opl (slaesls

= 0313 Ol allTios O dle Clale bu g o7 ()
CBle L Rl e eeslS 4 STy 55 550
ST 25 Sl dame 55 b s datlTiss 0l
e Sl 05,5 NS Jae b ol Sl
b s o OLalE 3 1) T (65 O Jls sl

ar—ia (Horvath et al.,, 2002) das o ialS” 5K



VY 5l o 5ol ol Soled o s Jle ¢ ALS 2 oo

oY

Cble e gaslS 5 O gy Calides - show 1S 0n
Sl 5 sb an g gealST Hla Lnls Ol ady o geelS
Cadies = glaw g Ab 0l p5eeslS CBAE 51580 o
23y ads s ppealS CBLE gl e sk 4 Gses s
Osdo) ol Hles s U:,ulf 2l jials Mu& g
338 Bl (5l TV (5T s (030598 3,08
3 G 3 p el Dy a3 L aglie s
GBS0, Al 4 e Sse)sa ik slac bl
SIS 4 i ppenslS g )3 a5 ppeaslS il
NYyes S Frv g¥er glajles o Jilibl o alaS
o S Ve S VO 500 5 el Sl
350 Sl 53 539 2l YO S YN Y7 YL ol
O+ 5l Sl S g Sea Yoo (Glajles (o
atyy paeeslS CbBle o 2 (gl ST Y e S

Root cadmium concentration (img

Control Kinetin-50

Al ) posedls” Clald
5 0ga)sn Caliben sk ST ol p sl il
Cﬂ;tfdzfrﬁﬁ}w,mg@btcb,; pse3S
Jsd=) &3 8 55 Aoy T o o 55 050558
eeslS Bl s 15 e g geeslS e (T
3 iy paedlS CBle o VL S 616 S w0 A at
VO 5 SLs 0 8o AS 1 psmeslS 0,8 e Y LS
3 (0SS oS AR OMNY) (S Y ey S
Foo olas 53 (085S 0 8 e V1) OT a8
peadlS i o 5l Sl Y50y S
(F JSK8) ds odalis

L ALS lad sk 033 4 oS Ol 7l O
2 oK D i b b il ol 15 sla S
.(Schutzendubel & Polle, 2002) 5 44 V"E“ ladds

Al ki 4l paedlS CBLE (Ragh nl 53 roees
20 5 F b JK8) s sdal i &K ol ke

O Control B Cadmium

55
50
45
~ 40
: 35
2 30
25
20
15
10
5
0

Kinetin-75 Salicylicacid-200  Salicylic acid-400

Hormone treatments

Oﬁ@ﬁ)@.&&&fjw‘wbby)}héjﬂf}(ﬂélfdkhnc}hwg:,’dC})}J(u\lfﬁu)(:yﬂfﬁﬁﬁoﬁuwux—\cp

Jw:bu.augabg)}n)‘ ﬂa:W\LM)AO Cla.u):)‘)&;uujhu _}iab;f fﬁdﬁf A..»L@Jbga 4w
Figure 4- Mean comparison for root cadmium concentration of durum wheat under different cadmium levels and foliar applications

of salicylic acid and kinetin hormones. Values are the mean of three replicates. Different letters represent significant difference using
Dunkan test at 5% probability level.
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Figure 5- Mean comparison for leaf cadmium concentration of durum wheat under different cadmium levels and foliar applications

of salicylic acid and kinetin hormones. Values are the mean of three replicates. Different letters represent significant difference using
Dunkan test at 5% probability level.
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