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Extended abstract

Introduction

Considering that heavy metals are one of the most important environmental stresses in today's
agricultural ecosystems, which lead to a decrease in germination, seedling growth, and ultimately plant
production. Therefore, it is recommended to use several compounds such as an addition to the culture
medium or seed priming to increase the tolerance of plants to environmental stresses. Considering the
role of salicylic acid in reducing the effects of heavy metal stress, including cadmium, on germination
and seedling growth, this research was conducted to investigate the effect of salicylic acid application
methods on seed germination and biochemical characteristics of quinoa seedlings under cadmium
stress.

Materials and methods

To investigate the effect of salicylic acid application methods on seed germination and biochemical
characteristics of quinoa seedlings under cadmium stress, a factorial experiment based on completely
randomized design (CRD) was conducted with four replications at University of Mohaghegh Ardabili.
The treatments included the application methods of salicylic acid (seed priming and adding to the
culture medium) and cadmium stress at five levels (0, 50, 100, 150, and 200 mg I-%). In this study, the
measured traits include the germination percentage, germination rate, germination synchronicity index,
mean daily germination (MDG), seedling length, and seedling dry weight, vigor index (VI), mean
germination time (MGT), D50, the activity of catalase, peroxidase and polyphenol oxidase enzymes of
quinoa seedlings were investigated. All tests were performed in 3 replications and the mean comparison
was based Duncan's Multiple Range test at a 5% probability level. The statistical analysis was carried out
using SAS 9.4 and Excel software.
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Results and discussion

The results of this research showed that the germination percentage, germination rate, germination
synchronicity index, mean daily germination, seedling length, seedling dry weight and, vigor index
decreased, and the mean germination time, D50, the activity of catalase, peroxidase and, polyphenol
oxidase enzymes increased with the increasing cadmium concentration. Among the salicylic acid
application methods (priming and adding to the culture medium), seed priming method had a greater
effect on improving the germination percentage, germination rate, germination simultaneity index,
mean daily germination, seedling length, seedling dry weight, and increasing vigor index, activity of
catalase, peroxidase and polyphenol oxidase enzymes. Also, the mean germination time and D50 were
reduced by seed priming methoed. Under cadmium stress, Both methods salicylic acid application, there
was a significant increase in the activity of antioxidant enzymes in seedlings. Under 200 mg 1 of
cadmium concentration, seed priming with salicylic acid caused an increase in the catalase activity
(11.27%), peroxidase activity by 6.51 to 9.69%, and polyphenol oxidase activity by 68.39%.

Conclusion

Overall, the results of this study showed that with increasing cadmium stress concentrations, the traits
of germination percentage, germination rate, seedling length, seedling dry weight, germination
synchrony index, mean daily germination, and vigor index decreased, while the traits of mean
germination time, time to 50% germination, and the activities of catalase, peroxidase, and polyphenol
oxidase enzymes increased. Cadmium stress causes ionic imbalance that stimulates the production of
reactive oxygen species (ROS), which leads to disruption of cell membranes, osmotic regulation, and the
production of secondary metabolites. Considering the negative effect of this stress on germination and
growth of the obtained seedlings, among the application methods (priming and adding to the culture
medium), seed priming had a greater effect on improving germination, seedling growth and increasing
the quinoa seed vigor index, as well as increasing the activity of antioxidant enzymes compared to the
method of adding salicylic acid to the planting medium. Priming of quinoa seeds with salicylic acid by
shortening the necessary germination time causes primed seeds to germinate faster than control seeds
under normal and cadmium-stressed conditions, and by reducing the mean germination time and D50,
it reduces cadmium damage and protects the germination process against the toxicity of this heavy
metal.
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Fig. 1. Germination percentage (a) and mean germination time (b) of quinoa seeds under the influence of cadmium
stress and salicylic acid application methods. The presence of at least one common statistical letter indicates no
significant difference based on Duncan's test at the 5% probability level
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Fig. 2. Germination rate (a) and germination synchronicity index (b) of quinoa seeds under cadmium stress and salicylic
acid application methods. The presence of at least one common statistical letter indicates no significant difference based

on Duncan's test at the 5% probability level
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application methods. The presence of at least one common statistical letter indicates no significant difference based on

Duncan's test at the 5% probability level

GRlS ekl 4 S | olS SiS (59 alel azalS
Tob (YL o azmalS iS55 a8 ol plis mlis ol
Slos 4 S 02 3 VYVID (i jo 05 (oo Vo ) pomasls
Rahoui) o Ken ¢ o920, (00 JSo) el ials aals
59555, a5 Sley 1y Salex o 3G et al, 2010
powadlS 4y oogll Aol s g slad ol JJo 4 ML
53 4zl Sis (g Ol Crotden 33,5 8,15 wad
ssbar a8 ad osalive Sclndlo apul JleS i b,
Bk Sl Secdluoaralog bl o 1 iy (6)ls e
5 oS dlexsl ah) eaiS il slagge e lidl
Sydiss Azl S (i RIPl Sel S g
= L a5 (Ahmadpoor Dehkordi et al., 2018)
, (Kabiri and Naghizadeh, 2014) oosl; & 5 5 S

5 s callae (Nigella sativa) ailsolw oLS

Al SiS s
pomedlS 5 ool B3 3l o 3y azalS St
X poeedls A5 blite S Grizren 5 905 sl
S Jlinl mhan o Sl apul 08 la s,
porodlS jiiS pac Loyl 0 (Y Jguz) ol o sime duo o
S (59 et OHpeds Shewdle al 08
Ol 8l S s el 4 G 0,3 YYITY ) azalS
Sebplls sl oty Jlos! (3,1 51000 JSC2) ol
039 (RS S ek ols (lBl) azalS Sas 54
St (595 Syl p0 p S ke Vo 5 50 azelS Sas
= 599 5l S do ;0 VYD s aS ul sawline cliS
oy 53 5,5 500 JS5) 35y Kol dond o
4l aby Slie g yd (Sialer Cepe peesls i



Control 50 100 150 200

(b) [ SApriming g planting bed (a) 1 SApriming g planting bed
0.005 - 64 a
£ a b b b
o 8 0.004 S 1 c .
RS b 4B
£ 38 41| |d
% 0.003 - . = e e
v 2 33 = 3 f
> c Cc c - g
3 £ 0.002 + 3 >
~ D d c -{9 E 2 )
W, £ e f =
< = i 3 @
& g 0.001 j) S 1-
n '
0 0
Control 50 100 150 200

(5 0 p )5 o) pomodls ClalE
Cadmium concentration (mg 1)

(i 39 05 (o) pamodls’ LAl
Cadmium concentration (mg I)

Sobiad b sl 8 33,315 (S 9y 9 pgmodls i Cxd 1giuS (slaydy (b) azmals Sl (439 9 (a) azxalS Job (il O S

] a0y B Jloci | gl 30 5SG1S (g0 3T bl 1 5l Sxo BB pue HKily oS o (g5bo] By Sy JBlas 9929
Fig. 5. Average seedling length (a) and seedling dry weight (b) of quinoa seeds under cadmium stress and salicylic acid
application methods. The presence of at least one common statistical letter indicates no significant difference based on

Duncan's test at the 5% probability level
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Fig. 6. Activity of catalase enzyme under the influence of cadmium (a) and stress salicylic acid application methods (b)
The presence of at least one common statistical letter indicates no significant difference based on Duncan's test at the

5% probability level
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Table 3. Variance analysis of antioxidant enzyme activity of quinoa seedlings under the influence of
cadmium and salicylic acid application method
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