: Print ISSN: 2322-2
@J Journal of Plant Production Research rint ISSN: - 2322-2050
Online ISSN: 2322-2778

Gorgan University of Agricultural
Sciences and Natural Resources

(OPEN ACCESS)

The effect of seed pretreatment with sodium hydrogen sulfide and
salicylic acid on germination, morphological and biochemical
indicators of quinoa seedlings in the greenhouse

Fatemeh Mahmoudi', Parisa Sheikhzadeh Mossadegh™, Nasser Zare®,
Behrouz Esmaielpour?

1. Ph.D. Student of Seed Science and Technology, Dept. of Plant Production and Genetics, Faculty of Agriculture and Natural
Resources, Mohaghegh Ardabil University, Ardabil, Iran. E-mail: fatemehmahmoudi2015@gmail.com

2. Corresponding Author, Associate Prof., Dept. of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
Mohaghegh Ardabili University, Ardabil, Iran. E-mail: sheikhzadehmp@gmail.com

3. Professor, Dept. of Plant Production and Genetics, Faculty of Agriculture and Natural Resources, Mohaghegh Ardabili
University, Ardabil, Iran. E-mail: zarenasser@yahoo.com

4. Professor, Dept. of Horticultural Sciences, Faculty of Agriculture and Natural Resources, Mohaghegh Ardabili University,
Ardabil, Iran. E-mail: behsmaiel@yahoo.com

Article Info ABSTRACT

Article type: Background and Objectives: Quinoa (Chenopodium quinoa Willd.) is an
Full Length Research Paper  annual plant of the Amaranthaceae family that has been cultivated in South
America for thousands of years. Seed pretreatment is a low-cost and useful
technology to improve seed vigor and quality. Considering the importance

Article history:

Received: 09.08.2024 of the quinoa plant and the existing problems in the field of seed
Revised: 10.06.2024 germination and seedling growth (due to the sensitive and criticality of
Accepted: 10.07.2024 these steps), the use of treatments that improve germination and

germination such as the use of salicylic acid and sodium hydrogen sulfide
as Pre-treatment can be considered as one of the solutions that is directly

ﬁ{i\gzgﬁt enzyme, and indirectly effective on improving the germination and establishment of
Emergence, seedlings. Therefore, this study was conducted with the aim of
Seedling growth, investigating the effect of pretreatment of seeds with sodium hydrogen
Seed pretreatment sulfide and salicylic acid on the emergence, morphological and

biochemical indicators of quinoa seedlings in greenhouse conditions.

Materials and Methods: In order to investigate the effect of different
pretreatments on greening and physiological and biochemical indices in
guinoa seedlings under greenhouse conditions, an experiment in the
form of a completely randomized basic design in three replications
in the research greenhouse of Mohaghegh Ardabili University. It was
implemented in 2022. Experimental treatments include five levels
of pretreatment (control (no pretreatment), water pretreatment, seed
pretreatment with 2.5 mM salicylic acid, seed pretreatment with 300 mM
sodium hydrogen sulfide, and seed pretreatment with 2.5 mM The molarity
of salicylic acid + 300 mM sodium hydrogen sulfide) was Also, the
characteristics of greening percentage, average emergence time and time to
50% emergence, chlorophyll index, plant length and dry weight were
evaluated. The activity of antioxidant enzymes was measured. All
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statistical analyzes of the data were performed using SAS statistical
software (Ver 9.4).

Results: According to the results of the data, the combined treatment
of 300 mM sodium hydrogen sulfide + 2.5 mM salicylic acid made
the percentage of greening about 48.7%, the speed of greening about
40.3%, the average Greening period increased by 30.7%, average daily
greening by 57.69%, root length by 87.47%, shoot length by 42.24%, and
chlorophyll index by 20.47% compared to the control treatment. gave The
combined application of 300 mM sodium hydrogen sulfide + 2.5 mM
salicylic acid increased the activity of catalase by 62.5%, peroxidase by
75.17%, and polyphenol oxidase by 65.71%.

Conclusion: In general, it can be concluded that the application of
salicylic acid and sodium hydrogen sulfide individually or together can be
considered as a suitable solution for improving the emergence, growth and
biochemical characteristics of quinoa seedlings.
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Fig. 1. Quinoa plants grown in the greenhouse treated with salicylic acid and sodium hydrogen sulfide.
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Table 1. How to prepare Hoagland's solution.

- \ WARES
A e 7 136.09 g/L KH,PO,
1ml 1L
- AL
ke 0 ) 101.1 g/L KNO;
5mil 1L
. 0 ARE
Ak 7 236.2 g/L Ca (Nog),. 4(H0)
5mil 1L
- Y RE
e 7 2465 g/L Mg So,. 7(H0)
2ml 1L
2 |
Ak FePo,
1ml
25¢g/L HsBo,
0.5¢/L ZnCl,
- \ WRES
AP A 0.05 g/L Cucl,
1ml 1L
0.05 g/L MoO,
0.05 g/L MnCl,

Rl 3l A e 0 Ay e s s sl 1) s YO o b e o3 S o Of I ke Tr 3 1 EDTA (sl 51 S VY0 il ™

JJQM)A;S}#'J}LM)“VULA)HJL?AYO ('»“"J"\":’ub‘)"‘)dj‘k’”
*First, 1.25 grams of iron EDTA was dissolved in 20 ml of water, then it was brought to a volume of 25 ml. In the
next step, 5 ml of this solution was removed and brought to a volume of 25 ml, and the stock solution was prepared

b3l 53 addllas 500 (G54l (sl pat LS Slulows Ly, Y Jodx
Table 2. Calculation relationships of the germination indices studied in the experiment.

EP=% x100 (Emergence percentage) o s Lo s
ER=Y", Si/Di (Emergence rate) i s s

MET:% (Mean Emergence Time) 0. e Ol Sode 500

MDE= % (Mean Daily Emergence) «ljs, oid je Lo s

N .
D50 :ti+[2—’: x (tf — ti) (D50) jiseil s deoys 00 b Olej

nj-ni

s 3l edd (6 L5, slia D oled Slads i ol N sl B 5, slaas Df (asled oo 3 en) &l by slaws 35S
Oley 53 03 lgar Ay amead s Ay 5t QA IS 31 N Gy )5 el e lasdy sldas N lasl
Si and n;: the number of germinated seeds in each count, D;: the number of days until the nth count, n: counting times,

D: the number of days since the beginning of the experiment, n: the number of germinated seeds per day, N: the total
number of seeds, t; and t;: cumulative number of germinated seeds in time
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Table 3. Variance analysis of the effect of water pretreatment, salicylic acid and sodium hydrogen sulfide on
the measured indicators.

(=2
D8 =) =
o 3 .2 c @ ©
< AR} D g 32 3 o =3 5}
38 22 4 - jég:» Ly o S o
Ve 3L OB 4% s E > 25 E y8 2 3 £
= S} =5 < =2 " @ ‘i\ - 3 < 3 o 2 3 . ©
> — ;% < - [} N D N = =} c 3 s ;UB
X{w%- ﬁ% < 5 T = 20\° 38 g }\E }%c»\f‘-c fiim
7€ =g »8 T8 18 23 15 48 3£ 39 L8
He 432 ¥G = 5% 39 £ 35 3% 5
5 2 22 25 38 & =
=) % g < 3: . g [G)
<
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34.76 0.47 4.18 5.68 0.019 3.16 0.071 0.77 620.16 4 ;
Pre-treatment
Lo
0.16 0.002 0.34 0.16 0.0003 0.014 0.0005 0.60 2.86 10
Error
Cledd a8
110 328 713 684 117 195 094 159 195 Coefficient
of variation
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" *and ** respectively, no significant difference and significant difference at the probability level of 0.05 and 0.01
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Fig. 2. The effect of pre-treatment on the percentage of quinoa germination.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 3. The effect of pre-treatment on the rate of quinoa germination.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 4. The effect of pre-treatment on the average duration of quinoa germination.
(P1= control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 5. The effect of pre-treatment on the average percentage of daily quinoa germination.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 6. The effect of pretreatment on the average time to 50% germination of quinoa.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 7. The effect of pre-treatment on the root length of quinoa plants.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 8. The effect of pre-treatment on the length of aerial parts of quinoa plants.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 9. Effect of pre-treatment on dry weight of quinoa seedlings.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 10. Effect of pre-treatment on chlorophyll index of quinoa.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Table 4. VVariance analysis of the effect of aqueous pretreatment, salicylic acid and sodium hydrogen sulfide on
the amount of antioxidant activity.
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Fig. 11. The effect of pre-treatment on the activity of quinoa catalase enzyme.
(P1= control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 12. Effect of pre-treatment on quinoa peroxidase enzyme activity.
(P1= control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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Fig. 13. Effect of pre-treatment on quinoa polyphenol oxidase enzyme activity.
(P1=control, P2= aqueous pretreatment, P3= 2.5 mM salicylic acid, P4= 300 mM sodium hydrogen sulfide,
P5= 2.5 mM salicylic acid + 300 mM sodium hydrogen sulfide)
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